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LETTER  OF  TRANSMITTAL. 


U.  S.  Department  of  Agriculture, 

Bureau  of  Animal  Industry, 
Washington,  D.  C.,  March  29, 1902. 

Sir:  I  have  the  honor  to  transmit  herewith,  and  to  recommend  for 
publication  as  Bulletin  No.  42  of  this  Bureau,  under  the  title  of  "Emer- 
gency report  on  surra,"  a  manuscript  prepared  by  Dr.  Stiles  and 
myself  in  response  to  a  request  from  the  War  Department  for  infor- 
mation regarding  the  present  knowledge  concerning  the  disease  known 
as  surra.  There  is  appended  to  this  article  a  "Bibliography  of  surra 
and  allied  trypanosomatic  diseases,"  prepared  by  Dr.  Hassall. 

It  is  of  importance  that  not  only  our  officers  in  the  Philippines,  but 
also  our  sanitary  officers  and  veterinarians  in  this  country  should 
immediately  become  familiar  with  the  chief  points  concerning  this 
malady.  It  is  true  that  animals  from  the  Philippine  Islands  are  now 
excluded  from  landing  in  the  United  States,  but  it  is  also  true  that 
some  animals  were  landed  before  it  was  known  that  surra  existed  in 
the  Philippines.  The  possibility  is  therefore  by  no  means  excluded 
that  such  animals  have  brought  this  disease  with  them.  If  once 
thoroughly  introduced  into  the  United  States,  surra  would  cause  a 
loss  of  millions  of  dollars,  and  on  that  account  it  is  advisable  that  this 
bulletin  should  have  a  wide  circulation  so  that  the  essential  points  in 
connection  with  the  disease  may  become  known,  not  only  to  veterina- 
rians and  health  officers,  but  also  to  stock  owners,  in  which  event  the 
malady  may  promptly  be  recognized  if  met  with,  and  the  proper 
measures  may  be  adopted  to  stamp  out  the  infection. 
Very  respectfully, 

D.  E.  Salmon,  Chief  of  Jiwreau. 

Hon.  James  Wilson,  Secretary. 
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EMERGENCY  REPORT  ON  SURRA. 


SUMMARY. 

Surra  has  been  diagnosed  among  the  horses  in  the  Philippines,  and  has  led  to  the 
prohibition  of  landing  any  animals  from  those  islands  at  any  ports  of  the  United 
States  or  of  the  dependencies  thereof. 

This  disease  is  caused  by  a  microscopic  parasite  ( Trypanosoma  Evarm)  which  lives 
in  the  blood,  and  the  evidence  now  accessible  indicates  that  this  organism  is  trans- 
mitted by  means  of  biting  flies,  especially  by  members  of  the  genus  Tabanus  (horse- 
flies); other  methods  of  dissemination  are  not  excluded.  It  is  chiefly  a  wet-weather 
disease,  and  is  reported  as  invariably  fatal  to  horses  and  mules.  It  occurs  in  other 
animals — such  as  camels,  elephants,  dogs,  cats,  etc. — more  rarely  in  ruminants,  and 
may  be  transmitted  to  goats,  sheep,  and  other  mammals,  but  is  not  yet  reported  for 
birds.  It  is  more  or  less  common  in  India.  Its  introduction  into  the  Philippines  is 
unexplained,  but  it  has  probably  existed  there  for  some  years  past. 

Parasites  closely  allied  to  this  species  occur  in  Europe,  Africa,  and  South  America, 
in  some  cases  causing  diseases  known  as  tsetse-fly  disease,  dourine,  mal  de  caderas, 
and  rat  trypanosomiasis.  Certain  authors  believe  that  some  of  these  maladies  are 
identical  with  surra. 

The  chief  symptoms  of  surra  are  fever,  of  an  intermittent,  remittent,  and  some- 
times relapsing  type;  urticarial  eruption;  petechise  on  the  mucous  membranes;  pro- 
gressive anemia  and  emaciation;  ravenous  appetite  and  extreme  thirst;  more  or  less 
paralysis. 

Treatment  has  not  been  satisfactory,  but  arsenic  has  been  followed  by  good  results 
in  some  cases.  Prevention  is  difficult,  but  should  consist  in  protecting  horses  from 
flies.  Immediate  isolation  of  the  sick  animals  and  protecting  them  from  flies  will 
result  in  restricting  the  disease.  In  some  cases  it  will  perhaps  be  better  to  kill  and 
immediately  destroy  the  diseased  animals. 

From  both  the  military  and  the  economic  points  of  view  surra  must  be  looked 
upon  as  a  very  serious  matter,  and  its  introduction  into  the  United  States  would 
result  in  very  heavy  losses. 

INTRODUCTION. 

ORIGIN  OF  THE  PRESENT  REPORT. 

A  cablegram  from  Major-General  Chaffee,  Manila,  P.  I.,  asking  for 
information  regarding  surra,  has  been  referred  to  this  Bureau.  This 
dispatch  reached  us  simultaneously  with  a  preliminary  report  on  a 
parasitic  disease  prepared  by  Dr.  John  G.  Slee,  formerly  an  inspector 
of  this  Bureau,  so  that  we  conclude  that  since  the  report  was  mailed 
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the  diagnosis  of  surra  has  been  made.  Dr.  Slee's  letter  reads  as 
follows: 

Office  of  the  Insular  Board  of  Health  for  the  Philippines, 

Manila,  P.  I.,  October  24,  1901. 
Dear  Sir:  I  inclose  a  few  notes  upon  a  new  disease  that  has  appeared  in  the 
islands  this  season  among  the  native  and  foreign  horses  (I  use  the  word  foreign,  as 
we  have  American,  Australian,  and  Chinese  ponies,  in  all  of  which  I  have  noted  the 
trouble).  The  parasite  was  first  discovered  in  the  blood  of  a  horse  taken  by  myself 
to  the  laboratory  of  the  board  of  health,  but  for  further  information  and  many 
experiments  made  I  am  indebted  to  Dr.  J.  J.  Kinyoun,  United  States  Marine- 
Hospital  Service. 

By  a  later  mail  I  shall  probably  be  able  to  give  further  information,  but  at  pres- 
ent I  should  like  very  much  to  obtain  an  idea  of  what  we  have  found,  and  if  you  know 
of  a  similar  parasite — if  there  is  any  literature  on  the  subject.  Dr.  Kinyoun  seems 
to  think  that  it  is  entirely  new. 

I  am,  very  respectfully,  John  G.  Slee,  D.  V.  S., 

Assistant  Veterinarian,  Board  of  Health. 

Dr.  D.  E.  Salmon, 

Chief  of  Bureau,  Washington,  D.  C. 

[Inclosure.] 

Notes  on  a  New  Disease  of  Horses." 

During  the  past  rainy  season  a  disease  of  a  febrile  type  affecting  the  foreign  and 
native  horses  has  been  noted  by  the  veterinarians. 

The  history  was  at  first  very  obscure,  the  disease  usually  being  far  advanced  when 
first  seen,  the  death  rate  high,  and  treatment  unsatisfactory. 

The  resident  veterinarians  and  horse  owners  had  noted  the  same  conditions  in 
former  years,  which  they  described  as  calentura,  or  fever,  but  did  not  think  it  had 
been  so  widely  spread  or  the  mortality  so  large  as  during  the  present  season.  Dr. 
H.  H.  Muecke,  veterinarian  of  the  Land  Transportation  Corral,  says  that  he  had  not 
noted  it  during  the  past  two  seasons,  but  he  was  able  to  give  considerable  informa- 
tion concerning  the  disease  as  it  appeared  this  season  in  the  Government  horses. 

That  the  disease  was  widespread  was  evident  from  the  reports  to  the  board  of 
health,  and  investigation  showed  it  to  be  generally  present  in  the  island  of  Luzon. 
In  one  place  all  the  native  horses  had  died,  while  of  the  Government  stock  about 
one-half  were  affected. 

The  first  cases  in  native  horses  came  under  notice  about  the  first  part  of  June,  and 
presented  swellings  of  the  sheath,  legs,  and  pads  under  the  belly,  in  many  respects 
similar  to  those  of  purpura;  the  membranes  were  colorless,  hemorraghic  spots  were 
present  on  the  membrana  nictitans,  but  no  petechial  spots  were  observed  on  the 
Schneiderian  membrane,  as  in  purpura.  These  were  not  seen  in  the  foreign  horses. 
There  was  always  a  temperature,  very  irregular,  from  normal  at  times  to  105°  F.  In 
the  native  horses  the  disease  would  not  run  a  very  long  course,  anorexia  appearing 
in  the  final  stages,  followed  by  death. 

When  the  horses  in  the  corrals  became  affected  the  symptoms  could  be  more 
easily  noted.  This  was  simply  due  to  the  fact  that  the  native  never  notices  that  an 
animal  is  sick  until  it  is  past  recovery.  I  have  seen  horses  with  a  well-advanced 
case  being  used. 

In  the  corral  the  sick  animal  at  first  showed  a  temperature  of  from  103°  to  107°  F. ; 
pulse  full;  breathing  increased  and  abdominal;  appetite  variable,  from  poor  to  good, 
but  never  entirely  lost;  the  membranes  slightly  injected,  but  no  hemorrhagic  spots, 
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as  noted  in  the  native  animal.  The  swellings  of  the  belly,  sheath,  and  legs  soon 
appear.  In  some  cases  they  may  not  be  present,  emaciation  taking  the  place,  but  in 
the  native  horses  swellings  seem  to  be  always  a  marked  symptom.  At  this  point  the 
temperature  is  variable,  of  an  intermittent  character,  and  is  not  controlled  by  any 
of  the  febrifuges;  it  may  be  higher  immediately  after  giving  medication  than  before. 
Some  of  the  cases  last  for  a  long  time,  being  in  the  hospital  for  two  or  three  months, 
and  ending  in  recovery  or  death.  If  the  swellings  suddenly  disappear,  death  soon 
follows  in  the  native  horse;  but  this  is  also  a  symptom  of  recovery  in  the  foreign 
horse. 

As  the  disease  progresses  toward  a  fatal  termination  the  animal  grows  very  weak, 
particularly  in  his  hind  legs,  weaves  from  side  to  side  when  walking,  and  may  go 
down  and  be  unable  to  rise. 

The  feces  are  of  a  normal  character,  no  marked  constipation  or  diarrhea  being 
present;  the  urine  seems  to  be  increased  in  quantity,  but  as  to  color  or  changes  I  have 
been  unable  to  note  particulars. 

Postmortem. — No  special  lesions  are  found,  the  organs  and  tissues  showing  an 
anemic  condition,  but  in  some  cases  abscesses  were  noted  in  the  stomach  and 
abdominal  cavity.  The  pericardial  sac  and  pleural  cavity  are  always  full  of  a  serous 
fluid,  but  no  appearances  of  inflammatory  changes  are  present;  antemortem  clots 
are  found  in  the  heart. 

As  there  were  so  many  cases  the  disease  was  supposed  to  be  of  a  contagious  type, 
but  this  did  not  seem  probable,  as  in  a  stable  of  several  horses  one  would  be  affected 
and  the  others  remain  healthy,  although  the  horses  were  standing  side  by  side  and 
eating  out  of  the  same  manger. 

The  character  of  the  disease  being  so  much  like  malarial  fever,  the  infection  was 
looked  for  from  some  other  source  and  a  parasite  in  the  blood  was  suspected.  Upon 
the  examination  of  the  blood  of  a  well-marked  case,  an  animal  parasite  was  dis- 
covered which  was  also  found  in  all  the  cases  examined.  In  the  new  cases  the 
parasites  were  seen,  and  as  the  cases  progressed  they  increased  in  number,  but 
toward  recovery  they  grew  less  and  finally  disappeared. 

The  parasite  is  an  animal  organism,  rather  blunt  at  one  end,  with  a  flagellum  at 
the  other;  in  advancing  the  tail  seems  to  advance,  becomes  entangled  with  the 
corpuscles,  and  it  drags  itself  forward.  It  can  go  backward,  but  the  most  of  its 
movements  are  with  the  tail  advancing.  They  are  of  different  sizes,  the  smaller 
seemingly  a  male,  the  larger  a  female.  They  often  come  together,  the  blunt  ends 
being  attached  and  the  flagellum  moving  very  rapidly. 

That  they  have  some  action  on  the  red  blood  corpuscles  is  very  evident,  as  the 
blood  count  is  diminished  and  the  leucocytes  increased. 

Where  the  parasite  comes  from  is  not  known.  To  learn  its  life  history  will 
probably  necessitate  examination  of  the  fly  and  mosquito,  for  the  disease  is  wide- 
spread, and  the  affected  animals  are  fed  and  watered  in  so  many  ways  (the  Filipino 
depending  upon  grass  and  rice,  while  the  Government  stock  have  hay  and  oats),  that 
this  would  in  a  measure  exclude  feeding  as  a  source  of  infection. 

After  the  present  report  was  nearly  completed,  we  received,  through 
the  courtesy  of  Dr.  George  M.  Sternberg,  Surgeon-General,  United 
States  Army,  the  following  report  by  Drs.  Allen  M.  Smith  and  J.  J. 
Kinyoun,  dated  Manila,  October  17,  1901: 

A  Preliminary  Note  on  a  Parasitic  Disease  op  Horses." 

By  Allen  M.  Smith,  Captain,  Assistant  Surgeon,  V.  S.  A.,  and  J.  J.  Kinyoun,  Surgeon,  V.  S.  Marine- 
Hospital  Service. 

On  October  15,  1901,  information  was  given  us  by  J.  W.  Jobling,  assistant 
bacteriologist  of  the  board  of  health  at  Manila,  that  an  epidemic  sickness  of  an  unde- 
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14 


BUEEATJ  OF  ANIMAL  INDUSTRY. 


termined  nature  was  now  prevailing  in  this  city,  and  also  that  he  had  just  taken  a 
specimen  of  the  blood  from  a  sick  animal  which  on  examination  revealed  the  pres- 
ence of  a  parasite.  Whether  this  was  accidental  or  was  the  causative  agent  of  the 
disease  in  question,  he  was  unable  to  say.  On  investigation  and  inquiry,  it  was 
learned  from  the  veterinarian  in  charge  of  the  corral  of  the  quartermaster's  depart- 
ment and  from  the  city  veterinarian  that  there  was  now  and  had  been  a  fatal  epidemic 
among  the  horses  in  Manila,  the  quartermaster's  department  having  lost  over  200 
within  the  last  four  months. 

One  of  the  corrals  was  visited  by  us  on  the  15th  instant,  where  we  were  shown  by 
the  veterinarian  in  charge  20  horses  and  mules  ill  with  an  undetermined  disease. 
These  animals  presented  the  several  stages  of  the  malady.  Some  were  quite  recently 
attacked,  while  others  had  been  ill  for  over  two  months. 

The  symptoms  first  noticed  are  impairment  of  appetite,  constipation,  fever,  and 
thirst.   These  are  followed  within  a  few  days  by  a  rapid  and  progressive  emaciation. 

The  temperature  for  the  first  few  days  ranges  from  104°  to  107°  F. ;  the  pulse  is 
full  and  strong.  This  may  be  termed  the  acute  state.  Then  begins  an  asthenic 
stage,  which  may  terminate  fatally  within  a  variable  period,  or  by  a  slow  convales- 
cence. During  this  stage,  usually  within  ten  days  after  the  onset,  there  appears  a 
commencing  edema  above  the  belly,  involving  the  soft  parts;  coincident  with  this, 
or  soon  after,  the  edema  extends  to  the  feet  and  legs.  The  pulse  becomes  rapid,  weak, 
and  dichrotic;  the  respiration  increased,  shallow,  and  jerky;  the  gait  staggering. 
Emaciation  is  rapid  and  extreme. 

The  disease  has  a  tendency  to  relapse;  this  may  occur  at  any  time,  even  after 
convalescence  appears  to  have  been  fully  established.  The  relapses  are  invariably 
fatal. 

The  mortality  in  this  epidemic  has  been  about  75  per  cent  for  American  horses 
and  mules  and  100  per  cent  for  native  ponies. 

The  gross  pathology  shows  serous  effusions  into  the  pleurae,  pericardium,  and 
sometimes  the  peritoneum.  There  is  also  a  serous  exudate  into  the  cellular  tissue  <.f 
the  legs  and  abdomen.   The  organs  are  pale,  but  otherwise  normal  in  appearance. 

At  the  time  of  our  inspection,  5  acute  cases  were  examined,  the  duration  of  the 
attack  being  from  6  days  to  2  weeks.  All  these  animals  presented  the  several  clinical 
appearances  as  above  described. 

Blood  specimens  were  taken  from  the  jugular  vein  of  each  and  examined  micro- 
scopically shortly  afterwards.  In  4  of  these  a  parasite  was  demonstrable.  The 
other  was  negative,  but  a  specimen  taken  the  following  day  showed  the  presence  of 
this  same  parasite. 

On  the  day  following,  specimens  were  obtained  from  12  others,  all  chronic  cases, 
with  the  result  of  finding  this  same  parasite  in  the  blood  of  4.  In  3  they  were  few, 
while  in  the  fourth  they  were  present  in  great  numbers;  as  many  as  20  could  be 
seen  in  one  microscope  field.  The  animal  from  which  the  specimen  was  taken  had 
suffered  a  relapse. 

It  would  appear  that  the  parasite  may  disappear  from  the  peripheral  circulation, 
or  exist  there  in  such  few  numbers  that  it  is  not  easily  demonstrable  after  the  acute 
stage  has  passed.    It  would  require  repeated  blood  examinations  to  decide  this  point. 

Description  of  the  parasites. 

The  parasite  resembles  a  whip-like  worm,  having  much  the  appearance  of  the  Tri- 
chocephalm  dispar.  Its  length  is  from  10  to  14  microns,  and  it  is  from  1  to  1.2  microns 
in  diameter  through  its  body;  the  neck  is  nearly  one-half  its  length,  tapering  gradu- 
ally to  a  point  representing  the  mouth  (?).  It  has  a  limiting  membrane  which  is 
well  defined;  the  contour  is  in  most  cases  symmetrical,  but  in  some  the  body  line 
is  quite  irregular.  The  larger  part  of  the  parasite  (body)  contains  granular  material 
and  clear  spaces,  which  latter  vary  in  size  and  number;  they  are  irregularly  dis- 
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tributed,  and  may  encroach  on  the  wall  so  as  to  cause  irregular  outline.  The  granular 
material  does  not  extend  to  the  neck. 

The  parasite  is  actively  motile,  having  both  a  vermicular  (contractile)  and  spiral 
movement.  It  moves  forward  in  a  very  peculiar  manner;  the  long  whip-like  process 
is  thrust  forward  by  a  spirillar  motion,  followed  by  a  contraction  of  the  body. 

We  have  not  so  far  been  able  to  determine  its  intimate  structure,  further  than  the 
limiting  membrane,  and  the  protoplasmic  substance  of  the  body. 

Two  sizes  of  the  parasite  have  been  seen  in  all  the  specimens  examined;  the  larger 
appears  to  be  more  numerous  and  contains  considerably  more  granular  material  than 
the  smaller,  and  usually  two  or  more  vacuoles.  Whether  these  two  sizes  represent 
male  and  female  has  not  been  determined.  We  are  inclined  to  believe  from  our 
observations  that  these  do  represent  the  male  and  female,  because  we  have  observed, 
in  more  than  half  the  fresh  specimens,  the  joining  of  a  large  and  small  parasite  in 
such  a  way  as  to  appear  to  be  something  more  than  accidental. 

The  pathological  change  caused  by  this  parasite  is  a  rapid  destruction  of  the  red 
blood  cells  causing  an  acute  anemia.  The  changes  occur  in  the  blood  coincident  to 
the  invasion  of  the  parasite.  In  one  horse  which  had  been  ill  7  days  the  red  blood 
cells  numbered  3,500,900;  the  white  cells,  14,500.  In  another,  ill  6  weeks,  the  red 
blood  cells  were  3,200,000,  and  the  white  were  13,900.  The  blood  of  a  healthy  horse, 
taken  as  a  comparison,  gave  red  blood  cells  6,900,000;  white,  9,800.  There  is  also  a 
slight  diminution  in  the  amount  of  hemoglobin — about  85  per  cent. 

After  convalescence  has  been  fully  established  no  parasites  can  be  found;  the  blood 
gradually  assumes  its  normal  constitution. 

The  parasite  is  not  confined  to  the  blood,  as  it  can  be  demonstrated  in  the  serous 
effusions. 

It  is  quite  easy  to  detect.  All  that  is  necessary  is  to  make  a  microscopical  exam- 
ination of  fresh-blood  films;  a  one-sixth-inch  objective  will  suffice.  Dried  films, 
fixed,  and  stained  with  any  of  the  nuclear  dyes. 

The  organism  appears  to  be  a  strict  parasite.  It  lives  but  a  short  time  after 
removal  from  the  body.  The  longest  time  which  it  has  been  kept  alive  in  blood 
serum  was  not  more  than  10  hours. 

The  parasite  has  many  of  the  properties  in  common  with  the  filaria  and  resembles 
more  nearly  that  of  the  Filaria  perstans,  only  it  is  smaller  and  its  movements  dis- 
similar. Yet,  on  the  other  hand,  the  clinical  history  of  animals  infested  by  it — the 
changes  occurring  in  the  blood,  the  lesions  observed  in  postmortem — point  very 
strongly  toward  its  classification  with  the  spirochete. 

The  mode  of  transmission  has  not  yet  been  studied.  It  does  not  appear  to  be 
highly  contagious,  as  it  does  not  appear  to  spread  from  one  to  another,  even  under  the 
most  favorable  circumstances. 

It  more  nearly  resembles  malaria  in  this  respect.  It  is  more  than  probable  that 
its  extra  corporeal  state  is  different,  or  another  supposition  equally  tenable  is  that  its 
intermediate  host  is  some  insect,  such  as  the  fly  or  mosquito. 

Army  Pathological  Laboratory,  Manila,  October  17,  1901. 

Dr.  Kinyoun  has  now  returned  to  the  United  States,  and,  according 
to  information  we  have  received  from  him,  the  disease  found  is  beyond 
question  identical  with  surra.  It  further  appears  from  his  letter  that 
Mr.  Jobling  made  the  first  observation  on  the  disease  in  Manila.  Dr. 
Kinyoun  adds: 

From  what  I  could  learn,  the  disease  surra  appears  to  be  distributed  all  over 
Luzon  and  has  been  there  for  many  years.  No  one  seems  to  know  where  it  came 
from.  I  do  not  think  it  came  from  China,  as  no  cases  have  been  reported  in  Hong- 
kong, where  a  considerable  number  of  artillery  horses  are  kept. 
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OBJECT  OF  THE  PRESENT  REPORT. 

As  the  disease  known  as  surra  is  not  present  in  the  United  States, 
and  as  the  American  text-books  on  medicine  discuss  it  but  briefly,  it 
becomes  necessary  immediately  to  place  our  army  officers,  our  veterina- 
rians, and  our  live-stock  raisers  in  a  position  to  recognize  the  malady, 
should  it  be  introduced  into  this  country.  From  both  a  military  and 
an  economic  standpoint  it  is  also  imperative  that  our  officers  and  san- 
itary officials  now  serving  in  the  Philippines  should  be  placed  in 
possession  of  the  present  status  of  knowledge  regarding  the  disease  in 
question.  To  meet  these  necessities  the  present  emergency  report 
has  been  prepared. 

IMPORTATION  OF  PHILIPPINE  ANIMALS  PROHIBITED. 

Immediately  upon  receiving  word  that  surra  existed  in  Luzon,  the 
Secretary  of  Agriculture  issued  the  following  order  prohibiting  the 
importation  of  any  live  stock  or  animals  of  any  kind  from  the  Philip- 
pine Islands  into  the  United  States: 

Special  Order  Prohibiting  the  Landing  of  Animals  from  the  Philippine 
Islands  at  any  of  the  Ports  of  the  United  States  or  of  the  Dependencies 

THEREOF. 

(B.A.I.  Order  No.  92.) 

U.  S.  Department  of  Agriculture, 

Office  of  the  Secretary, 
Washington,  D.  C,  December  13,  1901. 

Notice  is  hereby  given  to  the  owners,  officers,  and  agents  of  all  steamers  and  other 
vessels  of  all  descriptions  plying  between  the  Philippine  Islands  and  any  of  the  ports 
of  the  Hawaiian  Islands,  or  between  the  Philippine  Islands  and  any  of  the  ports  of 
the  United  States  or  the  Territories  or  dependencies  thereof,  and  to  all  stockmen  and 
all  other  persons  concerned  in  any  way  or  manner  in  the  traffic  in  animals  in  or  with 
the  Philippine  Islands,  that  certain  contagious,  infectious,  and  communicable  diseases 
dangerous  to  the  live  stock  of  the  United  States  exist  among  the  animals  of  the  said 
Philippine  Islands,  viz,  surra,  affecting  horses,  mules,  asses,  neat  cattle,  camels, 
buffaloes,  dogs,  and  apes;  foot-and-mouth  disease,  affecting  horses,  neat  cattle,  other 
ruminants  and  swine;  and  rinderpest,  affecting  neat  cattle  and  other  ruminants. 

Therefore,  under  the  authority  conferred  upon  me  by  the  act  of  Congress 
approved  May  29,  1884,  entitled  "An  act  for  the  establishment  of  a  Bureau  of 
Animal  Industry,  to  prevent  the  exportation  of  diseased  cattle,  and  to  provide 
means  for  the  suppression  and  extirpation  of  pleuropneumonia  and  other  contagious 
diseases  among  domestic  animals,"  I  do  hereby  prohibit  the  landing  at  any  of  the 
ports  of  the  Hawaiian  Islands  or  at  any  of  the  ports  of  the  United  States  or  of  any  of 
the  dependencies  thereof  of  any  live  stock  or  animals  of  any  kind  from  the  Philip- 
pine Islands.  This  prohibition  will  take  effect  immediately  and  will  continue  in 
force  until  otherwise  ordered. 

James  Wilson,  Secretary. 

TERMINOLOGY. 

TECHNICAL  name. 

As  there  is  no  Latin  term  signifying  an  infection  with  Trypanosoma, 
and  as  there  is  considerable  confusion  in  the  vernacular  names,  we 
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herewith  propose  to  introduce  the  term  trypanosomiasis,  referring  to 
any  infection  of  any  animal  with  parasites  belonging  to  the  flagellate 
family  Trypanosomidaa. 

This  technical  term  is  therefore  analogous  to  the  terms  acariasis, 
ascariasis,  coccidiosis,  uncinariasis  (uncinariosis,  anchylostomiasis),  and 
malaria,  in  that  it  is  a  broad  generic  term  which  does  not  indicate 
what  particular  species  of  the  family  Trypanosomidse  is  present,  or 
what  particular  host  is  affected.  It  does  not  do  away  entirely  with 
the  names  "tsetse-fly  disease"  and  "surra"  any  more  than  the  term 
coccidiosis  does  away  with  the  terms  "  intestinal,  hepatic,  or  renal  coc- 
cidiosis," and  it  has  the  same  general  relation  to  the  terms  "tsetse-fly 
disease"  and  "surra"  which  the  term  "malaria"  has  to  "tertian, 
quartan,  estivo-autumnal,  human,  and  avian  malaria." 

VERNACULAR  NAMES. 

The  technical  name  trypanosomiasis  is  intended  to  cover  the  following 
vernacular  names,  compiled  from  various  sources  and  based  either  upon 
prominent  symptoms  of  the  disease  or  upon  the  hosts  of  the  parasite: 


Andar-tap  (fever  within  the  body). 
Aneinie  pernicieuse. 

Berbad  (on  wind,  wasted  away,  or 

spoiled). 
Bovine  surra  (surra  of  cattle). 
Buffalo  surra  (surra  of  buffaloes). 
Camel  surra  (surra  of  camels). 
Canine  surra  (surra  of  dogs) . 
Dog  surra  (surra  of  dogs). 
Doaia  (second  stage,  swelling  over  the 

chest). 

Equine  relapsing  fever  (at  least  in  part). 

Equine  surra  (surra  of  horses). 

Fish  surra  (surra  of  fish). 

Gal  tab.  (from  Gala,  meaning  throat,  as 
Galtah  is  a  form  of  surra  in  camels  in 
which  the  throat  affection  is  one  of  the 
prominent  symptoms). 

Galtia  (melting  away). 

Glossinose. 

Gum-Zaharbad  (concealed  blood  poison). 
Horse  surra  (surra  of  horses). 
Khanhog  (first  stage,  refusing  food). 
Khusk-Zaharbad  (dry  blood  poison). 
Latnouche — m  Congo. 
Marri  (plague). 

Nikalgaya  (passed  away,  hopeless). 
Nagana  (tsetse-fly  disease). 
N'gana  (tsetse-fly  disease). 
Nygana  (tsetse-fly  disease). 
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Pernicious  anemia  of  horses  (at  least  in 

part). 
Phenta  (fatal). 
Phenta-kd-darad . 
Phera  (bursting  of  abscess). 
Pheta  (fatal). 
Phetra  (abscess). 
Phitgaya  (burst). 
Photra  (abscess). 
Purana  (used  up). 
Rat  surra  (surra  of  rats). 
Relapsing  fever  of  equines  (Steel,  1886). 
Sax  (rotten). 
Sara  (rotten,  foul). 

Sokra  ( without  flesband  blood,  skeleton ) . 

Sukal  (drying  up). 

Surra  (thirdstage,  rapid  waste). 

Tap-dik. 

Tap6-dik. 

Tap  (fever). 

Tarai  (wet,  moist). 

Tebersa  (three  years'  duratic 

Tibarsa. 

Trypanosomose. 
Tsetse-fly  disease. 
Tzetze-fly  disease. 
Wabai-ki-bokhar  (epidemic  fever). 
Zaharbad  (blood  poison). 
Zherbad  (poison  wind  or  miasma). 
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DIFFERENT  KINDS  OF  TRYPANOSOMIASIS. 

At  present  there  are  several  different  kinds  of  trypanosomiasis  usu- 
ally recognized,  but  certain  authors  are  of  the  opinion  that  at  least  some 
of  the  diseases  in  question  do  not  in  reality  represent  distinct  maladies 
caused  by  different  species  of  parasites.  We  may  mention  the  follow- 
ing in  particular: 

Surra:  A  disease  of  equines,  camels,  elephants,  and  certain  other 
(  animals  in  India,  attributed  to  Trypanosoma  Evansi.    (See  pp.  18,  35.) 

Nagana,  nygana,  or  tsetse-fly  disease,  of  Africa:  Affecting  cattle, 
horses,  mules,  asses,  antelopes,  camels,  and  certain  other  animals;  it 
is  attributed  to  Trypanosoma  Brucii.    (See  pp.  36, 110.) 

Dourine,  or  maladie  du  colt,  of  Algiers,  France,  and  Spain :  It  attacks 
the  horse  and  the  ass  in  particular,  but  may  be  transmitted  to  certain 
other  animals;  it  is  attributed  to  Trypanosoma  equiperdum. 

Mai  de  caderas,  of  South  America:  It  affects  horses,  asses,  cattle, 
hogs,  and  certain  other  animals,  and  is  attributed  to  Trypanosoma 
equinum.    (See  pp.  37,  124.) 

Rat  trypanosomiasis:  Attributed  to  Trypanosoma  Lewisi.  By  some 
authors  this  parasite  is  alleged  to  be  identical  with  the  horse  surra 
organism,  but  it  is  quite  certain  that  rats  may  harbor  a  distinct  species. 
(See  pp.  33,  125.) 

In  our  present  state  of  knowledge,  it  is  best,  for  the  present  at  least, 
to  look  upon  these  five  maladies  as  distinct  diseases,  in  the  same  sense 
that  human  and  avian  malaria  are  considered  as  due  to  distinct,  though 
closely  allied,  organisms. 

SURRA. 

DEFINITION  OF  STTEBA. 

Surra  is  a  specific  and  continuous  infectious  febrile  disease  occur- 
ring in  solipeds  and  camels,  and  capable  of  being  transmitted  by 
inoculation  to  other  animals.  It  is  due  to  the  presence  of  a  flagellate 
protozoon  {Trypanosoma  Evansi)  in  the  blood.  It  is  chiefly  met  with 
in  an  epidemic  form,  during  certain  months  of  the  year,  namely,  dur- 
ing or  immediately  following  the  wet  seasons.  It  is  characterized  by  an 
intermittent,  remittent,  and  sometimes  a  relapsing,  type  of  fever  which 
continues  for  varying  periods,  from  a  few  days  to  months,  accord- 
ing to  the  species  and  the  constitutions  of  the  animals  attacked,  and 
presents  definite  symptoms  following  one  another  in  regular  sequence. 
The  chief  symptoms,  in  addition  to  the  fever,  are  the  occasional  appear- 
ance of  an  urticarial  eruption,  general  or  localized,  closely  following 
the  first  rise  in  temperature,  but  which  may  make  its  appearance 
at  any  time  during  the  course  of  the  disease;  then  the  presence  of 
petechia  on  the  mucous  membranes,  chiefly  those  covering  the  mem- 
brana  nictitans;  lachrymation,  and  the  exudation  of  a  yellow  semi- 
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gelatinous  material  into  the  subcutaneous  and  other  connective  tissues. 
There  is  rapid  wasting  and  great  weakness,  although  in  the  great 
majority  of  cases  the  appetite  remains  good  throughout,  no  matter 
how  high  the  fever  is.  There  is  extreme  pallor  of  the  visible  mucous 
membranes,  and  this  is  followed  at  a  later  period  by  yellowness.  From 
first  to  last  there  is  progressive  anemia;  the  blood  at  first  presents 
a  normal  character,  but  after  a  varying  period  of  time  undergoes 
marked  changes.  The  white  corpuscles  are  increased  in  number,  and 
the  red  corpuscles  usually  cease  to  form  normal  rouleaux,  lose  their 
individuality,  and  run  together,  forming  irregular  masses,  which  are 
at  first  dark,  but  gradually,  as  the  disease  advances,  almost  entirely 
lose  their  coloring  matter  and  become  pale. 

The  presence  of  the  flagellate  is  not  continuous  during  the  whole 
course  of  the  disease.  At  first  it  is  usually  found  in  small  numbers  in 
the  blood,  and  increases  with  greater  or  less  rapidity  until,  having 
attained  a  maximum,  it  disappears  either  gradually  or  suddenly,  to 
reappear  after  an  interval.  The  periods  during  which  it  is  present  in 
and  absent  from  the  blood  are  marked  by  extreme  irregularity,  varying 
from  1  to  6  days,  but  the  latter  number  is  very  unusual. 

The  disease  is  invariably  fatal,  death  being  generally  due  to  exhaus- 
tion, but  sometimes  to  concurrent  complications.  After  death  no 
specific  lesion  is  present,  but  as  a  rule  there  are  small  subpleural  and 
subendocardial  extravasations,  together  with  enlargement  of  the  liver 
and  spleen,  and  if  death  takes  place  during  the  paroxysm  the  hemato- 
zoon  will  be  found  for  a  certain  time  in  the  blood.  (Lingard,  1893, 
pp.  1-2.) 

GEOGRAPHICAL  RANGE  OF  SURRA. 

According  to  Lingard  (1899,  pp.  1-2),  the  geographical  range  of  this 
disease  is  much  wider  than  was  once  imagined: 

"Among  the  first  recognized  districts  in  India  were  Dera  Ismail  Khan,  on  the  north- 
western frontier,  east  of  the  Indus,  where  the  disease  has  been  known  for  generations, 
Asni  near  Rajanpur,  Kohat,  Upper  Burmah,  the  Island  of  Bombay,  Konkan,  Meerut 
in  the  Northwest  Provinces,  in  the  Berare,  and  in  Cachar  and  Assam.  It  was  also 
reported  from  the  Persian  Gulf,  Persia,  and  Tonquin.  There  were  also  strong  reasons 
for  believing  that  animals  have  succumbed  to  this  disease  in  Abyssinia,  the  Zambesi, 
East  Africa,  Australia,  North  America,  Brazil,  and  Southern  Europe. 

' '  Since  the  publication  of  the  above  report  numerous  fresh  centers  have  been  brought 
to  light.  Out  of  the  31  districts  in  the  Punjab,  surra  has  been  found  up  to  the 
present  to  be  enzootic  in  22,  the  worst  being  the  Karnal  district.  In  the  Northwest 
provinces  the  disease  has  been  observed  in  the  Saharanpur,  Muzzafarnagar,  Meerut, 
Bulandshahar,  Gaziabad,  and  Fyzabad  districts;  in  the  northeast  portion  of  the 
Jalpaiguri  district,  Bengal.  In  addition  widespread  outbreaks  have  occurred  in  the 
Ahmedabad,  Baroda,  and  neighboring  localities,  which  have  carried  off  thousands 
of  equines.  Spontaneous  cases  of  surra  have  also  been  recognized  in  Lower  Burmah, 
Rajputana,  and  Bikanir.  One  horse  also  arrived  in  Bombay  from  the  Persian  Gulf 
suffering  from  surra. 
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"In  other  parte  of  the  world  the  Trypanosoma  has  been  reported  from  Algeria 
(equines),  France  (bovines),  Korea  (equines and  bovines),  Egypt  and  Syria  (equines), 
while  in  Zululand  a  Trypanosoma  has  been  observed  in  the  blood  of  equines,  oo vines, 
and  canines,  which  is  indistinguishable  microscopically  from  the  flagellated  protozoon 
found  in  the  circulation  of  animals  in  India." 

We  are  not  familiar  with  the  data  which  led  Lingard  to  indicate 
that  animals  have  succumbed  to  surra  in  North  America,  but  it  does 
not  seem  impossible  that  a  confusion  with  Texas  fever  has  arisen. 
The  references  to  Africa  apparently  refer  to  nagana,  which  Lingard 
considered  identical  with  surra.  Further,  the  possibility  does  not 
appear  to  be  absolutely  excluded  that  some  other  cases  of  alleged  surra 
may  have  been  erroneous  diagnoses  of  other  maladies,  especially  in 
cases  where  the  deaths  are  taken  from  reports  not  based  upon  blood 
examinations 

HISTORY  OF  SURRA. 

Surra  has  been  known  in  India  for  several  generations.  It  was  first 
brought  to  the  attention  of  the  rest  of  the  world  in  a  report  to  the 
government  of  India,  written  by  Griffith  Evans,  M.  D.,  published 
November  13,  1880.  Since  that  time  numerous  papers  on  the  subject 
have  been  printed,  especially  by  physicians  and  veterinarians  in  the 
service  of  the  English  Government.  Alfred  Lingard,  imperial  bacte- 
riologist in  India,  has  been  especially  active  in  his  researches,  and  has 
published  a  number  of  exceedingly  valuable  reports  on  the  subject, 
containing  numerous  clinical  histories,  tables,  analyses,  etc.  The 
other  workers  who  have  made  valuable  contributions  to  the  surra  liter- 
ature may  be  seen  from  the  references  and  the  bibliography  of  the 
present  report. 

ORIGIN  OF  SURRA  IN  THE  PHILIPPINE  S . 

Our  information  from  Manila  is  not  yet  sufficiently  detailed  to  enable 
us  to  judge  with  certainty  whether  surra  has  existed  many  years  there 
or  whether  it  was  recently  introduced.  If  it  has  been  recently  intro- 
duced, it  seems  very  possible,  from  our  present  incomplete  knowledge 
of  the  exact  data,  that  it  was  carried  to  China  by  the  English  troops 
from  India,  and  that  our  troops  carried  it  from  China  to  the  Philip- 
pines. This  explanation  is,  however,  purely  in  the  line  of  speculative 
possibility,  and  is  not  in  accord  with  the  statements  made  by  Dr.  Slee 
(see  pp.  12-13)  and  Dr.  Kinyoun  (p.  15),  though  from  present  acces- 
sible data  it  does  not  seem  to  be  entirely  established  that  the  disease 
mentioned  as  existing  in  previous  years  was  of  the  same  nature.  The 
point  in  question  can  be  established  in  the  Philippines  better  than  by 
us  here  in  Washington. 
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CLIMATIC  INFLUENCES  GOVERNING  SURRA. 

All  authors  agree  that  surra  is  a  disease  which  coincides  with  moist 
conditions,  occurring  during  or  immediately  following  the  heavy  rain- 
falls, although  it  is  admitted  that  sporadic  cases  may  occur  at  other 
seasons  of  the  year — for  instance,  those  which  are  hottest.  In  the  same 
way  it  is  described  as  being  influenced  by  floods  and  inundations,  and 
as  being  common  in  the  vicinity  of  water,  as  canals,  rivers,  etc. 

Lingard  (1893,  p.  49)  refers  to  85  cases  of  naturally  acquired  surra 
which  he  compiled  from  the  records  of  the  Bombay  Tramway  stables, 
and  shows  that  84  of  these,  or  98. 8  per  cent,  occurred  during  the  months 
of  September  to  December. 

The  following  passage  from  Lingard  (1899,  pp.  73-74)  bears  upon 
this  point: 

RAINFALL  AND  SURRA . 

"  The  question  as  to  what  conditions  influence  the  early  or  late  advent  of  surra  in 
horses  is  one  of  especial  interest  and  importance,  both  from  a  practical  and  scientific 
standpoint.  It  is  only  in  government  and  private  establishments,  however,  where 
careful  records  are  collected  concerning  the  disease,  that  details  can  be  obtained 
from  which  deductions  of  any  value  can  be  drawn.  In  1890,  efforts  were  made  in 
this  laboratory  to  compile  statistics  with  a  view  to  determine  what  effect  is  produced 
on  the  appearance  of  the  disease  by  the  varying  amount  of  rainfall  in  different  years. 
At  present  we  have  obtained  statistics  for  the  past  ten  years  with  regard  to  the  date 
on  which  the  disease  first  made  its  appearance  at  the  stables  of  the  Bombay  Tram- 
way Company,  together  with  the  records  of  rainfall  during  the  same  period. 

Table  showing  the  monthly  rainfall  in  Bombay  for  the  years  1888-1897,  with  the  dates  of 
surra  outbreaks,  and  the  number  of  horses  attacked  in  each  surra  season  at  the  Bombay 
Tramway  Company's  stables. 


MONTHLY  RAINFALL. 


Months. 

1888. 

1889. 

1890. 

1891. 

1892. 

1893. 

1894. 

1895. 

1896. 

1897. 

January  

Inches. 
1.85 
.02 
.10 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 
0.22 

Inches. 

Inches. 

Inches. 
0.01 

February   

0.14 

0.07 

0.20 

.06 
.01 

April  

0.01 
.06 
24.55 
21.34 
10.61 
6.45 
.58 
1.25 

.02 
6.30 
21.47 
16.14 
13.67 
7.52 
.45 
1.63 
.22 

May  

0.67 
19.89 
30.15 
10.32 
2.71 
3.80 

0.11 
13.30 
23.86 
36.56 
18.73 

1.89 
.67 

.08 
17.84 
18.04 
15.97 
11.91 
3.62 

.06 

0.26 
28.02 
36.44 
20.77 
1.62 
.01 
.53 

June  

July  

August  

September  

October  

15.76 
22.47 
11.43 

4.92 
.11 

1.16 

13.99 
32.48 

6.94 
22.53 

1.04 

16.87 
26.16 

8.40 
12.04 

3.08 

14.40 

30.19 
13.82 
20.60 
2.51 

.01 

Total  rainfall 
for  year  

Total  rainfall 
from  May  1 
to  date  of 
outbreak  of 
surra  

57.82 

67.84 

64.98 

77.18 

95.12 

67.46 

66.85 

67.59 

87.65 

81.53 

54.69 

61.97 

63.56 

66.50 

84.87 

39.41 

44.09 

62.02 

85.49 

81.62 
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Table  showing  the  monthly  rainfall  in  Bombay  for  the  years  1888-1897,  etc. — Continued. 

OUTBREAKS  OP  SURRA. 


Year. 

Date  of 
outbreak. 

Year. 

Date  of 
outbreak. 

1888  

Oct.  18 
Sept.  14 
Oct.  6 
Sept.  13 
Sept.  12 
July  20 

1894  

Aug.  11 
Sept.  2 
(May  9 
lAug.  30 
Nov.  26 

1889  

1895  

1890  

1896  

1891  

1897  

1892  

1898  

NUMBER  OF  HORSES  ATTACKED  EACH  YEAR. 

Year. 

Number 
attacked. 

Year. 

Number 
attacked. 

1888  

14 
47 
2 
1 
15 

1893  

11 
10 
17 
19 

3 

1889  

1894  

1890  

1895  

1891  

1896  

1892  

1897  

July  20, 1893,  3  horses  attacked— 1  Australian,  1  Arabian,  1  Persian. 
May  9, 1896, 1  case  of  surra,  most  unusual. 
August  SO,  1896,  regular  outbreak  commenced. 

November  26, 1897,  3  Australians  at  Parel  stables.  Flies  very  troublesome. 

Average  annual  rainfall  for  ten  years,  73.40  inches. 

Average  for  ten  years,  67.35  inches. 

Average  death  rate  from  surra  for  ten  years,  13.9. 

"  As  will  be  observed  on  reference  to  the  above  table,  the  most  common  months  for 
surra  to  appear  (six  times  out  of  ten)  were  September  and  October;  twice  it  appeared 
in  August  and  once  in  July  and  November,  respectively.  When  a  rainfall  of  6.3 
inches  fell  in  Bombay  in  May,  1893,  3  horses  were  attacked  on  the  same  day,  namely, 
July  20.  It  was  then  considered  that  the  disease  might  be  accounted  for  by  the 
hematozoon  or  its  resting  form  having  escaped  the  great  heat  during  the  month  of 
May,  and  so  have  retained  its  vitality,  so  that  its  power  of  reproducing  the  disease 
would  be  increased  by  the  earlier  rainfall,  and  the  outbreaks  of  surra  thus  occur 
sooner.  But  in  1896  a  sporadic  case  of  surra  occurred  among  the  same  stud,  consist- 
ing of  some  700  horses,  on  the  9th  day  of  May,  a  most  unexpected  occurrence,  as  up 
to  that  time  only  1  animal  (Australian,  No.  65,  owned  by  a  private  individual)  had 
been  observed  with  the  disease,  and  that  was  contracted  in  the  districts.  From  the 
1st  of  the  previous  November  until  May  9,  1896,  only  0.06  of  an  inch  of  rain  fell,  and 
that  was  in  the  first-mentioned  month.  Consequently,  here  we  have  undoubted 
proof,  confirmed  by  microscopic  examinations  of  the  blood  of  the  animal,  that  surra 
may  appear  in  Bombay  in  the  hottest  part  of  the  year,  when  no  rain  has  fallen  for  6 
months.  In  10  years  1  animal  out  of  139  attacked  with  surra  developed  the  disease 
in  the  month  of  May,  but  the  annual  outbreak  at  these  stables  which  carried  away 
17  horses  did  not  occur  until  September,  October,  and  November  of  the  same  year, 
toward  the  end  of  the  monsoon  season.  On  the  other  hand,  it  is  a  well-established 
fact  that  in  the  great  majority  of  years  during  which  an  excess  of  rainfalls,  the  most 
severe  outbreaks  of  surra  occur.  In  support  of  this  statement  the  following  outbreaks 
may  be  brought  forward.  During  1894  heavy  rain  fell  on  several  successive  days  in 
September  in  the  Ahmedabad,  Baroda,  and  neighboring  districts.  Thousands  of 
equines  succumbed  to  surra  during  the  October  and  November  following,  over  an 
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area  of  400  square  miles;  and  by  order  of  the  Government  the  horse  fair  at  Ahmedabad 
was  abandoned  for  a  period  of  2  years. 

"Again,  on  the  Saharanpur-Mussoorie  dak  line,  77  animals  died  of  surra,  at  stations 
in  the  Mohand  Pass,  during  the  rains  of  1894,  when  the  rainfall  was  in  considerable 
excess  of  the  normal. 

"In  1895,  during  the  rains,  which  were  heavy,  surra  caused  its  ravages  in  over  200 
villages  in  the  Karnal  district,  Punjab.  The  losses  among  equines  in  16  villages  in 
the  above  tahsil,  where  statistics  were  forthcoming,  were  253  out  of  556  kept,  or  45.5 
per  cent.  During  the  same  period  53  villages  in  the  Saharanpur  district,  northwest 
provinces,  lost  909  out  of  a  total  of  1,590,  or  57.1  per  cent. 

"Let  us  now  consider  the  outbreaks  which  occur  annually  at  the  foot  of  the  outer 
Himalayas  at  Kathgodam  in  the  Kumaon  Bhabar.  At  my  request,  meteorological 
observations  were  commenced  at  this  station  in  1896,  and  the  following  table  shows 
the  information  we  require,  but  for  the  past  2  years  only: 


Table  showing  rainfall  June  1  to  October  31,  in  inches. 


Stations. 

1890. 

1891. 

1892. 

1893. 

1894. 

1895. 

1896. 

1897. 

Nalnl  Tal,  elevation  6,350  feet  

Kathgodam,  elevation  1,630  feet 

123.02 

81.85 

63. 73 

126.91 

105.19 

85.10 

63.85 
50.71 

63.82 

114.93 
108.62 
91.86 

Haldwani,  elevation  1,200  feet  

Average  number  of  horses  

Horses  died  (of  surra)  between  the 
Brewery  and  Kathgodam  

100.06 

65.91 

56.38 

83.73 

92.96 

69. 16 

90 

93 

93 

180 

128 

131 

101 

80 

40 

10 

5 

2 

63 

8 

92 

2 

"In  1896,  19.4  inches  of  rain  fell  during  the  month  of  June,  and  at  the  time  that 
the  monsoon  ceased  somewhat  abruptly  in  August,  50.31  inches  had  fallen.  Surra 
broke  out  among  the  dak  animals  in  July,  and  32  succumbed  up  to  the  end  of  August. 
When  I  visited  the  station  on  the  5th  of  September,  the  blood  of  24  ponies  was  found 
to  contain  the  organism  on  microscopical  examination,  and  in  9  animals  it  was  found 
within  the  next  few  days,  making  33  in  all.  Different  varieties  of  flies  make  their 
appearance  during  the  fine  intervals  of  the  monsoon,  and  in  the  year  in  question, 
when  the  rains  terminated  in  August,  flies  invaded  the  tonga  road  in  very  large 
numbers,  but  no  examples  of  the  Glossina  morsitans  were  discovered.  As  the  diseased 
animals  were  not  destroyed,  or  even  isolated,  we  have  not  far  to  seek  for  the  cause 
of  the  terrible  mortality  among  the  tonga  ponies.  In  the  following  year  (1897),  the 
rains  only  commenced  on  the  12th  of  July,  but  continued  until  the  month  of  October, 
a  total  of  108.52  inches  falling.  During  the  last-mentioned  season,  however,  imme- 
diately a  tonga  animal  was  reported  with  fever,  it  was  at  once  segregated,  some  miles 
away  from  the  rest  of  the  ponies,  with  the  result  that  only  2  animals  have  suc- 
cumbed to  surra  during  the  season.  It  would  also  appear  that  the  lateness  of  the 
setting  in  of  the  monsoon,  together  with  the  heavy  downpour  when  it  set  in,  and 
want  of  sunlight  and  warmth,  also  contributed  and  brought  about  conditions  unfav- 
orable for  the  development  of  the  Trypanosoma  and  flies  in  general. 

' '  With  regard  to  surra  in  other  than  tonga  ponies,  it  is  no  good  the  railway  company 
going  to  great  trouble  and  expense  in  order  to  provide  boiled  water,  grass  from  an 
elevation  of  6,000  feet,  clean  corn,  prohibiting  the  use  of  green  vegetation  during  the 
rainy  season,  and  segregating  all  their  sick  animals,  if  small  private  owners  of  ekka 
and  riding  ponies,  etc.,  are  allowed  to  keep  their  diseased  animals  in  sheds  or  wan- 
dering about  unattended  within  a  few  yards  of  the  company's  stables  or  are  allowed 
to  ply  for  hire  along  the  same  narrow  road.  It  stands  to  reason  that  the  myriads  of 
flies  which  abound  and  infest  all  animals  at  these  seasons  have  only  to  carry  the 
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contagion  a  distance  of  a  few  yards  from  the  diseased  to  the  healthy  animals.  In 
order  to  save  expense  and  trouble,  the  native  owners,  on  recognizing  that  their  tats 
are  suffering  from  a  fatal  disease,  turn  them  loose  to  shift  for  themselves;  conse- 
quently they  become  a  source  of  danger  to  every  healthy  animal  in  the  neighborhood 
during  life,  and  a  disagreeable  stimulus  to  the  olfactory  organs  of  passers-by  for  a 
varying  period  after  death." 

The  explanation  that  the  hematozoon  would  have  its  power  of 
reproducing  increased  by  rainfall  should,  perhaps,  be  accepted  with 
some  reserve.  At  least,  another  explanation  occurs  to  us  which  seems 
more  in  accordance  with  analogy.  In  dry  weather  biting  flies  are  not 
so  active  as  in  moist  weather,  and  flies  which  are  in  a  pupal  stage  are 
not  so  likely  to  issue.  When  a  rain  comes,  however,  flies  issue  from 
the  pupae  in  the  dry  ground  and  proceed  to  breed  rapidly.  Thus, 
during  and  following  rainfall  there  would  be  more  biting  insects  fly- 
ing, hence  there  would  be  a  greater  chance  for  spreading  the  malady. 
(See  pp.  21  47.) 

RESIDENCE  IN  INFECTED  COUNTRY. 

Of  80  cases  compiled  by  Lingard  (1893,  p.  49),  16.25  per  cent 
occurred  in  animals  which  had  been  in  the  country  for  varying  periods 
of  less  than  1  year;  76.25  per  cent  succumbed  within  the  first  7  of  the 
14  years  under  observation. 

INFLUENCE  OF  SEX,  AGE,  AND  BREED. 

According  to  Lingard  (1893,  pp.  47-48),  sex  plays  no  r61e  in  refer- 
ence to  surra;  both  mares  and  horses  are  affected.  Of  85  animals 
referred  to,  45.8  per  cent  were  between  5  and  9  years  old.  Of  these 
same  animals,  80  per  cent  were  Australians,  and  the  statistics  of  the 
Bombay  Tramway  Company  show  that  Australian  horses  are  much 
more  subject  to  the  disease  than  are  the  Asiatics.  White  and  gray 
mules  are  said  to  be  more  susceptible  than  darker  animals. 

SPECIES  OF  ANIMALS  SUBJECT  TO  SURRA. 

Surra  is  found  especially  in  horses,  asses,  and  mules,  but  is  not  con- 
fined to  these  species.  Outbreaks  of  the  disease  are  reported  also  for 
camels,  elephants,  cats,  and  dogs,  and  the  disease  has  been  transmitted 
by  inoculation  to  cattle,  buffaloes,  sheep,  goats,  rabbits,  guinea  pigs, 
rats  (Mus  deoumanus,  Nesokia  providem) ,  and  monkeys.  The  limits  of 
its  infectivity  are  not  yet  established,  and  on  this  account  all  mammals 
must,  for  the  present,  be  considered  as  possible  carriers  of  the  malady 
until  negative  experiments  prove  them  to  be  refractory.  No  birds, 
reptiles,  amphibia,  or  fish  are  known  to  harbor  the  parasite  (Trypano- 
soma Eoansi). 
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PARTIAL  LIST  OF  OUTBREAKS. 

From  the  high  mortality  of  surra,  it  may  be  seen  that  this  disease  is 
exceedingly  important  from  both  an  economic  and  a  military  stand- 
point. In  order  to  give  an  idea  of  the  losses  which  have  occurred,  the 
following  partial  list  of  the  outbreaks,  compiled  by  Dr.  Albert  Hassall, 
is  here  appended: 

1878. 

Punjab. 

Griffith  Evans,  1881,  p.  2:  Fourth  Punjab  Cavalry  lost  40  horses. 

1879. 

Griffith  Evans,  1881,  p.  2:  Fourth  Punjab  Cavalry  lost  118  horses. 

1880  (to  September). 
Griffith  Evans,  1881,  p.  2:  Fourth  Punjab  Cavalry  lost  114  horses. 

Before  1881. 

Arsene. 

Griffith  Evans,  1881,  p.  2:  Third  Punjab  Cavalry  lost  350  horses  from  surra  a 
few  years  ago. 

1885. 

HUNG-HOA. 

Blanchard,  1888:  Many  mules  in  Twelfth  Regiment  Artillery  died  of  an  affection 
designated  at  Tonkin  under  the  name  anemie  palustre,  fievre  ou  cachexie 
palustre. 

Before  1887. 

Burke,  1891,  p.  270:  Bengal  Cavalry,  180  horses  died. 

Before  1890. 

Katgodam,  Northwest  Provinces. 

Lingard,  1894a,  p.  1:  Many  tonga  ponies  (principally  cabulis)  succumbed  to  surra. 

1890. 

Fazilka  Tehsil,  Ferozepur  district. 

Lingard,  1898a,  p.  8:  Lost  a  few  animals. 

Katgodam,  Northwest  Provinces. 

Lingard,  1894a,  p.  1:  40  ponies  also  died. 
Manipur. 

Lingard,  1895,  p.  1 :  80  out  of  230  equines  died.    Elephants  unaffected. 

1891-1893. 

Katgodam,  Northwest  Provinces. 

Lingard,  1894a,  p.  1:  15  ponies  diea  between  1891-1893. 

1891-1894. 

Shutra-Khana  stud  and  Gangu  Ribald. 

Lingard,  1895,  p.  2  :  740  camels  have  died  of  surra. 

1892. 

Wazirabad  Tehsil,  Gujranwala  district. 
Lingard,  1898a,  p.  8:  5  horses  and  10  asses. 
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1892-  1896. 

Soneput  Tehsil,  Delhi  district. 

Lingard,  1898a,  p.  10:  48  horses,  38  mules,  and  8  asses  died. 

1893. 

Bombay. 

Lingard,  1894a,  p.  1:  A  horse  arrived  in  the  port  of  Bom  bay 'from  the  Persian 
Gulf  suffering  from  surra. 

BURMAH. 

Lingard,  1894a,  p.  1:  The  Kachnis  lost  14  elephants  from  the  disease,  but  of  a 
total  of  32. 
Chindwin. 

Lingard,  1895,  p.  2~  Bombay-Burmah  Company  lost  24  elephants,  valued  at 
45,000  rs. 
Sahabanpore  and  Mussoorie. 

Lingard,  1894a,  p.  1:  Outbreak  occurred  in  the  stables  of  the  dak  ponies. 
Secunderabad. 

Lingard,  1895,  p.  1 :  First  Madras  Lancers  lost  49  country-bred  horses. 
Wazirabad  Tehsil,  Gujranwala  district. 
Lingard,  1898a,  p.  8:  3  horses  and  5  asses. 

1893-  1894. 

GaikwKri  district. 

Lingard,  1895,  p.  1:  A  large  number  of  horses  and  donkeys  died  all  over  the 
district. 

Mussourie  Road,  between  Saharanpur  and  Rajpur. 

Lingard,  1895,  p.  1:  Owners  of  dak  ponies  lost  146  animals  from  surra. 

1893-1895. 

Wazirabad  Tehsil,  Gujranwala  district. 

Lingard,  1898a,  p.  8:  Several  horses  and  mules  died,  being  equivalent  to  45  per 
cent  of  the  animals  possessed. 

1893-1896. 

Ferozepur  Tehsil,  Ferozepur  district. 

Lingard,  1898a,  p.  8:  17  villages  affected. 

1894. 

Ajnala  Tehsil,  Amritsar  district. 

Lingard,  1898a,  p.  9:  Lost  62  horses,  34  asses,  1  mule — 92  per  cent  of  horses,  40 
per  cent  of  asses,  and  100  per  cent  of  mules. 
Aurangpur,  Nangala,  and  Dadri. 

Lingard,  1895,  p.  2:  15  ponies  died. 
Bareilly. 

Lingard,  1895,  p.  1:  One  outbreak  occurred,  in  which  all  animals  affected  were 
either  killed  or  died  of  the  disease. 
Bareilly  and  Ranikhet. 

Lingard,  1895,  p.  1:  Government  commissariat  department*  lost  100  mules  in 
October. 

Lingard,  1895,  p.  1:  Bombay  mounted  police  lost  11  horses. 
Gujranwala  Tehsil,  Gujranwala  district. 

Lingard,  1898a,  p.  8:  23  horses  and  21  asses  died. 
Jaqadheri  Tehsil,  Umballa  district. 

Lingard,  1898a,  p.  9:  17  asses  died  —  76  per  cent. 
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Katgodam-Naini  Tal  Tonga  service. 

Lingard,  1895,  p.  1:  Lost  67  animals  out  of  128. 
Pali. 

Lingard,  1895,  p.  1:  50  brood  mares  and  young  stock  belonging  to  Maharajah 
Sir  Pertab  Singh  died. 

1894-  1895. 

Delhi. 

Lingard,  1895,  p.  2:  An  outbreak  occurred  among  cavalry  horses. 

GUJKRAT,  AHMEDABAD,  BAEODA,  ETC. 

Lingard,  1895,  p.  1:  A  very  severe  and  widespread  outbreak  involving  an  area  of 
400  square  miles. 

HOSHIAKPDE  DISTRICT. 

Lingard,  1898a,  p.  9:  61  horses  and  32  asses  died — 82  per  cent  of  horses  and  64 
per  cent  of  asses. 
Lahore  Tehsil,  Lahore  district. 

Lingard,  1898a,  p.  8:  24  horses  and  22  asses  died. 
Panipat  Tehsil,  Karnal  district. 

lingard,  1898a,  p.  9:  28  horses  died. 

1895. 

Chunian  Tehsil,  Lahore  district. 

Lingard,  1898a,  p.  8:  12  horses  died. 
Jagadheri  Tehsil,  Umballa  district. 

Lingard,  1898a,  p.  9:  80  per  cent  of  horses,  100  per  cent  of  asses  and  mules  died. 
Jagraon  Tehsil,  Ludhiana  district. 

Lingard,  1898a,  p.  9:  In  the  village  of  Man  42  camels  died. 
Karnal  Tehsil,  Karnal  district. 

Lingard,  1898a,  p.  9:  24  horses,  20  asses,  and  15  mules. 
Khangah  Tehsil,  Gujranwala  district. 

Lingard,  1898a,  p.  8:  2  asses  only.  / 
Lodhrian  Tehsil,  Mooltan  district.  ' 

Lingard,  1898a,  p.  8:  24  horses  died — 64  per  cent. 
Muktsar  Tehsil,  Ferozepur  district. 

Lingard,  1898a,  p.  8:  8  horses  died. 
Nawashahar  Tehsil  (July  to  August) . 

Lingard,  1899,  p.  9:  In  two  villages,  8  horses  and  20  asses  died  out  of  21  and  27 
animals,  respectively. 
Peshawar  Tehsil,  Peshawa  district. 

Lingard,  1898a,  p.  8:  3  horses  died — 16  per  cent  of  the  animals. 
Pipli  Tehsil,  Umballa  district. 

Lingard,  1898a,  p.  9:  Surra  occurred  in  Radour,  but  losses  were  not  heavy. 
Umballa  Tehsil,  Umballa  district. 

Lingard,  1898a,  p.  9:  25  asses  died — 20  per  cent. 

1895-  1896. 

Jagraon  Tehsil,  Ludhiana  district. 

Lingard,  1898a,  p.  9:  38  horses  and  14  asses  died. 
Kaithal  Tehsil,  Karnal  district. 

Lingard,  1898a,  p.  9:  9  horses  and  71  asses  died. 

1896. 

Bcbmah. 

Lingard,  1898a,  pp.  12-16:  Vet.  Capt.  George  H.  Evans  reports  an  outbreak  among 
military  and  police  ponies  at  Mandalay,  and  records  2  deaths  from  surra  and  14 
killed  on  account  of  the  disease;  also  22  mules  destroyed. 
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Katgodam,  Naini  Tal  district. 

Lingard,  1898a,  p.  10:  32  horses  died  between  July  1  and  September  4. 
Khangah  Tehsil,  Gujeanwala  district. 

Lingard,  1898a,  p.  8:  9  villages  suffered  loss  from  surra;  1  animal  died  in  March, 
the  others  (?)  during  August,  September,  and  October. 
Pind  Dadan  Khan  Tehsil,  Jhelum  district. 

Lingard,  1898a,  p.  8:  5  animals  died. 
Pipli  Tehsil,  Umballa  district. 

Lingard,  1898a,  p.  9:  "Chibha"  suffered  somewhat  from  the  disease. 

1896-1897. 

Bombay.    Bombay  Presidency. 

Lingard,  1898a,  p.  11 :  20  horses  died. 

GuRDASPUR  DISTRICT. 

Lingard,  1898a,  p.  9:  Losses  very  small. 
Jabbalpur,  Central  Provinces. 

Lingard,  1898a,  p.  11:  23  horses  in  all  died  of  surra  up  to  February  17,  1897.  ; 

LETHALITY  OF  SURRA. 

Nearly  all  authors  agree  that  surra  in  equines  and  camels  is  "invari- 
ably fatal."  Thus,  Griffith  Evans  (1881,  p.  3)  says  that  weak  animals 
succumb  soonest;  (p.  7)  records  of  the  Fourth  Punjab  Cavalry  show  that 
no  cases  on  the  sick  list  ever  recover;  a  few  cases  are  said  to  have 
made  slow  progress  in  the  disease,  alternately  better  and  worse  for 
over  a  year;  but  they  all  eventually  succumbed.  Burke  (1888a,  p.  9) 
refers  to  surra  as  "  extremely  fatal,"  and  (p.  85)  quotes  Steel  as  describ- 
ing it  as  "invariably  fatal;"  later  Burke  (1891,  p.  268)  says  that  there 
is  probably  no  disease  in  which  the  fatality  is  so  high  as  in  "perni- 
cious anemia  "  (which  he  identifies  with  surra).  Ranking  (1891a,  p.  399) 
also  designates  surra  as  "invariably  fatal,"  and  Lingard  (1893,  p.  79) 
says  that  surra  in  equines  is  "always  fatal  in  the  horse,  mule,  and  camel, 
but  in  the  bovine  species  after  a  period,  during  which  the  animal  suffers 
from  fever,  and  the  infusorian  is  present  in  varying  numbers  in  the 
blood,  the  animal  generally  returns  to  a  normal  state  of  health."  (See 
also,  1899,  pp.  80-88.)  Pease  (1897,  p.  551)  claims  to  have  seen  thou- 
sands of  cases,  but  he  never  saw  one  recover  spontaneously;  "surra 
is  invariably  fatal;"  (p.  556)  in  camels  it  runs  a  slow  course,  neverthe- 
less, in  the  end  the  camel  dies  of  surra,  sometimes  after  so  long  a  period 
as  two  or  even  three  years;  he  (pp.  557-558)  has  seen  all  the  dogs 
of  a  village  swept  off  by  this  malady  after  eating  surra  carcasses. 
Cats  also  take  the  disease  in  the  same  way.  Hayes  (1898,  p.  481) 
agrees  that  surra  is  "invariably  fatal"  unless  treated  with  arsenic. 
Burke  (1897,  p.  192),  on  the  other  hand,  states  that  if  surra  is  treated 
with  quinine,  arsenic,  iron,  and  other  tonics,  by  changing  the  water 
and  making  some  variation  in  the  location  of  the  animals,  great  benefit 
and  even  absolute  removal  of  the  disease  may  be  secured. 

(See  also  "Treatment,"  p.  91.) 
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IMMUNITY  TO  SURRA. 

In  1893,  Lingard  (p.  7)  stated  that  death  follows  the  first  attack  in 
all  the  animals  discussed,  with  the  exception  of  the  bovine  species,  and 
that  his  experiments  tended  to  prove  that  one  attack  may  grant 
immunity  to  this  animal,  at  all  events  for  a  considerable  period.  It 
was  later  shown  by  Lingard  (1895,  p.  7)  and  others  that  one  attack 
does  not  render  an  animal  immune.    He  gives  the  following  case: 

"An  Australian  gelding,  the  subject  of  surra  in  December,  1893,  was  cured  of  this 
disease  by  the  administration  of  arsenic  and  iodide  of  arsenic  and  mercury. 

"Between  March  and  October,  1894,  the  animal  gained  235.75  pounds  in  weight, 
and  was  in  a  perfect  state  of  health  and  condition.  Fifteen  months  after  the  date  of 
the  previous  attack,  and  12  months  after  the  cure  was  effected,  the  animal  was 
inoculated  with  a  minute  drop  of  surra  blood— a  mere  trace  of  soiled  blood  being 
smeared  over  a  scratch  on  the  muzzle — in  order  to  ascertain  whether  any  immunity 
had  been  conferred  by  the  previous  attack.  The  latent  period  of  the  second  attack 
occupied  7  days.  The  progress  of  the  disease  was  marked,  as  usual,  by  paroxysms 
of  fever  and  intermissions,  the  former  occupying  a  much  more  prolonged  period  (22 
days) ,  and  the  latter  being  shorter  than  usual  (only  2  days) . 

"Death  took  place  on  the  fifty-third  day  of  the  disease,  clearly  proving  that  one 
attack  of  surra  is  unable  to  protect  against  a  second  attack." 

Quite  recently,  Lingard  (1901,  p.  3)  states  that  he  has  worked  out  a 
serum  which  has  been  found  to  possess  immunizing  power,  but  diffi- 
culty has  been  experienced  in  preserving  its  destructive  power  for  any 
length  of  time.  He  does  not  state  how  this  serum  is  obtained,  but 
says  that  his  experiments  will  be  continued. 

CAUSE  OE  SURRA. 

Zoological  position  of  the  parasite  Trypanosoma  Evansi. 

The  parasite  in  question  belongs  to  the  Protozoa,  class  Mastigophora, 
subclass  Flagellata,  order  Monadida,  family  Trypanosomidae,  genus 
Trypanosoma,  species  Trypanosoma  Evansi.  The  characters  of  these 
groups  may  be  seen  from  the  following  diagnoses  and  keys: 

Class  Mastigophora  BCtschli. 

Class  diagnosis. — Protozoa:  Microscopic  organisms,  whose  bodies  usually  have  a 
definite  form  but  are  not  always  provided  with  a  cell  membrane;  cilia  are  absent, 
but  the  adult  stage  possesses  one  or  several  flagella;  mouth  present  or  absent; 
usually  only  one  nucleus  present,  but  never  a  paranucleus,  and  usually  one  or  several 
pulsating  vacuoles;  reproduction  by  division,  with  or  without  conjugation  and 
encystation. 

The  systematic  position  and  the  limits  of  this  class  are  debatable 
questions.  They  may  be  placed  under  the  rhizopods  or  near  the 
ciliates.  Some  of  the  forms  which  certain  authors  admit  to  the 
class  as  animals  other  authors  place  among  the  plants.  Some  forms 
described  or  identified  as  flagellates  may  perhaps  be  only  develop  - 
mental  stages  in  the  life  cycle  of  other  animals.    Flagellate  stages 
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occur,  for  instance,  in  the  life  cycle  of  some  of  the  Mycetozoa  and 
Sporozoa.  Some  of  the  flagellates  described  as  parasitic  are  considered 
by  certain  authors  as  pathogenic,  by  other  authors  as  harmless  mess- 
mates. Quite  a  number  of  generic  names  have  been  used  to  designate 
the  forms  reported  for  man,  but  many  of  them  will  undoubtedly  fall 
as  synonyms.  Numerous  species  are  likely  to  be  swallowed  in  drink- 
ing water.  Under  existing  circumstances,  the  physician  will  do  well 
to  exercise  considerable  reserve  in  dealing  with  flagellated  organisms; 
otherwise  he  may  be  led  to  erroneous  conclusions. 

In  general,  but  especially  in  reference  to  the  lower  forms,  it  may  be 
said  that  the  protoplasm  is  quite  homogeneous;  a  nearly  fluid  endoplasm 
may  be  recognized  surrounded  by  a  peripheral  ectoplasm,  the  latter  in 
turn  may  be  bounded  by  a  more  dense  layer,  like  a  delicate  cell 
membrane.  These  three  divisions  are,  however,  not  always  very  dis- 
tinct, but  grade  almost  imperceptibly  into  one  another.  The  pharynx 
is  a  very  superficial  infundibulum;  a  permanent  anus  appears  to  be 
absent,  but  the  excreta  appear  to  be  expelled  from  a  less  resistant 
point  at  the  posterior  extremity,  without,  however,  leaving  any  trace 
of  their  passage.  The  flagellum  represents  an  organ  of  locomotion, 
and  there  may  be  one  or  more  present.  The  pulsating  vacuole  is  near 
the  surface,  but  does  not  appear  to  possess  either  a  distinct  membrane 
or  a  permanent  pore.  The  nucleus  is  rounded  and  appears  to  be  pro- 
vided with  a  nuclear  membrane  and  a  nucleolus.  If  conditions  become 
unfavorable,  as  when  the  medium  becomes  too  condensed  by  evapora- 
tion or  too  toxic  by  extreme  putrefaction,  the  flagellate  may  discard 
its  flagellum,  become  round,  and  form  a  surrounding  cyst  membrane; 
upon  return  of  favorable  conditions,  it  may  escape  from  the  cyst  and, 
forming  a  new  flagellum,  recommence  its  active  life;  or  it  may  divide 
during  the  encystment.  The  division  of  the  free  form  in  multiplying 
is  usually  longitudinal.  In  some  cases,  the  organism  encysts  before 
dividing,  then  by  longitudinal  division  two  organisms  are  formed;  the 
latter  may  then  escape,  form  their  flagella,  and  become  active;  or 
V  each  daughter  organism  may  reencyst  and  divide  further;  or  the 
f  mother  flagellate,  when  encysted,  may  divide  into  a  large  number  of 
so-called  "spores,"  each  of  which,  upon  escaping,  forms  its  flagellum. 
There  may  also  be  a  complete  conjugation  of  two  individuals,  followed 
by  encystment  and  division  into  numerous  young. 

It  should  be  further  remarked  that,  while  some  species  are  exceed- 
ingly simple  in  structure,  as  described  above,  other  species  are  much 
more  complicated  and  give  rise  to  more  or  less  complex  colonies.  For 
these  forms,  which  have  not  yet  been  shown  to  have  any  particular 
medical  bearing,  the  reader  is  referred  to  the  writings  of  Kent, 
Biitschli,  Delage,  Calkins,  and  others. 

Authors  are  not  united  upon  the  subdivisions  of  this  class.  Some 
writers  admit  three  subclasses,  others  admit  four,  still  others  admit 
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five.  The  following  key  will  aid  in  determining  at  least  three  subclasses 
which  are  recognized  by  most  authors: 

Key  to  the  Subclasses  of  the  Mastigophora. 

• 

1.  Protoplasm  of  body  not  reticulate   2 

Protoplasm  reticulate  or  branched;  one  flagellum  (feeler)  present;  a  firm  mem- 
brane present;  marine  organisms  of  considerable  size  Cystoflagellata. 

2.  Shell  usually  has  two  grooves  or  furrows,  one  running  around  the  body,  the  other 

longitudinally;  marine  and  fresh- water  forms  Dinoflagellata. 

The  grooves     furrows  are  absent  Flagellata. 

jPfe  SUBCLASS  FLAGELLATA. 

SubclabI  ijltAGNosis. — Mastigophora:  Small  organisms,  usually  with  a  sharply 
defined,  mononucleate  body,  with  a 
definite  anterior  end  bearing  one  or 
more  flagella;  actively  motile  during 
life,  but  possessing  power  of  encyst- 
ment;  reproduction  by  longitudinal 
division,  in  free  or  encysted  stage. 

The  Flagellata  represent  the 
only  subclass  of  Mastigophora 
which  at  present  comes  into 
consideration  as  parasites. 
Owing  to  the  minuteness  of 
the  objects,  hence  the  difficulty 
of  recognizing  characters  for 
classification,  there  is  a  wide 
difference  of  opinion  among 
authors  relative  to  the  subdivi- 
sion of  the  subclass  into  orders, 
families,  genera,  and  species. 

Order  Monadida. 

Ordinal  diagnosis. — Flagellata: 
Independently  living  organisms,  but 
in  some  cases  forming  colonies;  ar- 
rangement of  the  flagella  varies:  1 
flagellum,  usually  anterior,  or  2  equal 
flagella,  or  2  unequal  flagella,  or  1  large  and  2  small  flagella;  undulating  membrane 
may  be  present. 

Family  Trypanosomid*  Doplein,  1901. 

Family  diagnosis. — Flagellata:  Parasitic  forms  with  one  chief  flagellum  directed 
anteriorly;  in  some  forms  a  secondary  flagellum  directed  posteriorly;  body  usually 
with  two  angles,  and  wound  more  or  less  in  the  form  of  a  spiral;  one  angle  of  body 
provided  with  an  undulating  membrane.    One  nucleus  and  one  centrosome  present. 

Type  genus. — Trypanosoma. 

The  family  at  present  contains  two  genera,  which  are  distinguished 
as  follows: 

One  flagellum  present,  extending  from  the  centrosome  along  the  undulating  mem- 
brane and  becoming  free  at  the  anterior  extremity  Trypanosoma,  p.  32. 

Two  flagella,  one  extending  anteriorly,  the  other  posteriorly. .  Trypanoplasma,  p.  42. 


Fig.  1.— Diagram  of  variations  in  life  cycle  of  flagel- 
lates: 1,  a  young  flagellate;  2,  adult  flagellate;  3, 
longitudinal  division  of  adult  free  form;  4,  daughter 
flagellate;  5,  encystation;  6-8,  division  into  iso- 
gametes;  x,  division  into  macrogametes  and  micro- 
gametes,  characteristic  for  some  forms;  9,  conjugation 
of  the  isogametes;  y,  conjugation  of  the  micro-  and 
macro-gametes;  10,  resting  stage — zygote;  11-12,  di- 
vision into  young.   (After  Doflein,  1901,  p.  53,  fig.  29.) 
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Oenus  Trypanosoma*  Gruby,  1843. 

Generic  diagnosis. — Trypanosomidse:  Body  fusiform,  presenting  a  lateral  longi- 
tudinal undulating  membrane,  the  thickened  border  of  which  terminates  posteriorly, 
in  the  posterioi*half  of  the  body,  in  a  "  centrosome,"  and  is  prolonged  anteriorly  in  a 
free  major  flagellum;  nucleus  generally  anterior;  there  is  a  tendency  to  agglomer- 
ation by  the  posterior  extremity;  division  longitudinal  and  unequal.  Parasitic  in 
blood  of  vertebrates. 

Type  species. — Trypanosoma  rotatorium. 

Doflein  divides  this  genus  into  three  subgenera,  as  follows: 

1.  Major  flagellum  present   2. 

Major  flagellum  absent,  or  very  short  and  thick  Trypanosoma. 

2.  Undulating  membrane  continued  posteriorly  in  a  flagellum,  so  that 

2  flagella  are  present  Trypanomonas. 

Posterior  flagellum  absent,  undulating  membrane  ending  on  or 
before  end  of  body  Herpetosoma. 

From  our  present  knowledge  this  division  is  not  free  from  objection. 
Doflein  is  in  error  in  selecting  two  of  his  names:  Trypanosoma  would, 
of  course,  remain  the  subgeneric  name  for  the  group  containing  Tr. 
rotatorium.  If  Tr.  Evansi  were  recognized  as  belonging  to  a  distinct 
subgenus,  Herpetosoma  Doflein,  1893,  would  have  to  be  rejected  in 
favor  of  Hwmatomonas  Mitrophanow,  1883,  as  Doflein  includes  both 
Tr.  colitis  and  Tr.  carassii  in  Herpetosoma.  Laveran  &  Mesnil,  how- 
ever, have  shown  that  Tr.  rotatorium  presents  the  same  characters  as 
the  other  trypanosomes,  and  a  division  of  these  forms  into  subgenera 
hardly  seems  justified.  Trypanomonas  Danilewsky,  1885,  can  not  pos- 
sibly take  Tr.  Danilevskyi  as  type,  unless  all  of  Danilewsky's  names 
are  rejected,  and  the  subgenus  is  attributed  to  Labbe\  1891.  Trypan- 
omonas was  based  upon  structures  interpreted  as  young  stages  named 
Trypanomonas  ranarum—  Trypanosoma  rotatorium,  hence  takes  this 
species  as  its  type,  and  thus  becomes  a  synonym  of  Trypanosoma  {Try- 
panosoma). Laveran  &  Mesnil,  1901g,  have  now  separated  "  Trypan- 
osoma {Trypanomonas)'''  of  Doflein  as  a  distinct  genus,  Trypanqplasma, 
with  Trypanoplasma  Borreli  as  type  species. 

■Synonyms. — Under  Amoeba  Mayer,  1843  [not  Amoeba  Ehrenberg];  Trypanosoma 
Gruby,  1843  (type,  Tr.  mngmnis=rotatorium);  Monas  Lieberkuhn;  f  GlobtUaria  Wedl, 
1850  [not  Swains.,  1840,  mollusk];  Undulina  Ray  Lankester,  1871  (type,  V.  ranarum 
=  Trypanosoma  rotatorium) ;  Herpetomonas  Kent,  1880  [only  in  part,  as  the  type  is 
H.  muscx-domesticx];  Paramecioides  Grassi,  1881  (type,  P.  coslatus=  Trypanosoma 
rotatorium);  "  Tripanosoma of  Gruby"  of  Lanessan,  1882,  and  Balbiani,  1888;  Hsemato- 
monas  Mitrophanow,  1883  (type,  H.  cobilis);  Trypanomonas  Danilewsky,  1885  (type, 
Trypanomonas  ranarum=Trypanosoma  rotatorium);  "Spirochete  of  Steel,  1885" 
[quoted  also  as  Spirochete  and  Spirochseta'];  "  Hemotomonas"  of  Blanchard,  1888; 
"  Trichomonas  sanguinis"  of  Grookshank,  1886,  as  "subgenus;"  "  Triponomonas  Crook- 
shank"  of  Balbiani,  1888,  p.  399  [probably  a  typographic  error  o  for  a,  and  confusion 
between  Trypanomonas  Danilewsky  and  Trichomonas'];  "Trypanosomes  Gruby"  of 
Laveran,  1895;  Trypanosomum  Chauvrat,  1896;  "  Trypanosome  Gruby"  of  Buffard  & 
Schneider,  1900;  "Paramecioides  Grassi,  1882"  of  Laveran  &  Mesnil,  1901;  "  Try- 
anosoma  Doflein,  1901,"  typographical  error  for  Trypanosoma. 


Description  of  Plate  I. 


Figs.  21-29. — Reproduction  of  Trypanosoma  Lewiri  in  the  rat.    X  about  2,000  dia- 
meters.   (After  La veran  &  Mesnil,  1901e,  pi.  11,  figs.  1-9.) 
Fig.  21. — Slender  adult  form. 
Fig.  22. — Swollen  form  preparing  to  divide. 

Fig.  23. — Division  of  the  centrosome  and  of  the  base  of  the  flagellum. 

Fig.  24. — The  division  into  two  organisms  is  almost  accomplished;  one  of  the  two 
individuals  bears  the  old  flagellum,  the  other  a  newly  formed  short  flagellum. 

Fig.  25. — Stage  of  multiplication  with  4  elements,  3  have  new  flagella,  the  fourth 
bears  the  old  flagellum. 

Fig.  26. — Stage  of  multiplication  of  the  nucleus  and  of  the  centrosome,  not  yet 
accompanied  by  the  division  of  the  protoplasm;  one  of  the  flagella  is  larger  than  the 
others. 

Fig.  27. — Complete  rose  cluster  of  10  small  elements  on  the  point  of  separating. 

Fig.  28. — Free  young  form. 

Fig.  29. — Young  form  in  the  act  of  dividing. 

Fig.  30-35. — Ingestion  of  the  trypanosoma  by  phagocytes.  X  about  1,100  diame- 
ters.   (After  Laveran  &  Mesnil,  1901  e,  pi.  11,  figs.  10-15.) 

Figs.  30-32. — Three  phases  of  the  digestion  of  trypanosoma  by  mononuclear  leuco- 
cytes of  the  peritoneal  exudate  of  a  guinea  pig;  two  of  these  leucocytes  have  also 
swallowed  blood  corpuscles. 

Figs.  33-34. — Two  phases  of  indigestion  of  trypanosoma  by  leucocytes  of  the  perito- 
neal exudate  of  a  rat  having  active  immunity. 

Fig.  35. — Chromatic  mass  in  a  leucocyte  of  a  rat;  passive  immunity. 
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Plate  I 


Reproduction  of  Trypanosoma  Lewisi  in  the  Rat. 
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Plate  II. 


Trypanosoma  Lewisi  of  Rat  Trypanosomiasis. 

Fig.  36,  Union  of  two  trypanosomes;  fig.  37,  primary  agglomeration  in  a  rose  cluster; 
fig.  38,  secondary  agglomeration. 
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The  genus  Trypanosoma  has  proved  to  be  very  important  from  the 
standpoints  of  comparative  medicine  and  national  economics,  but  its 
relation  to  human  medicine  is  at  present  problematic. 

Rats  and  frogs  are  the  most  convenient  hosts  from  which  to  collect 
trypanosomes  for  study.  There  is  quite  an  extensive  literature  on  the 
group,  the  more  recent  articles  containing  both  bibliographies  and 
technique.  The  nomenclature,  in  part  at  least,  does  not  appear  to  be 
firmly  established.    The  following  are  the  best  known  species: 

A.  Trypanosoma  of  Mammals. 
Trypanosoma  Lewlsl»  (Kent,  1880)  of  rat  trypanosomiasis. 

(Figures  1-41.) 


Fig.  2. — Trypanosoma  Lewisi,  completely  developed;  n,  nucleus;  c,  centrosome;  m,  undulating  mem- 
brane; /,  flagellum.   X  about  2,000  diameters.    (After  Laveran  &  Mesnil,  1901e,  p.  686,  fig.  1.) 

Figs.  3-6. — Trypanosoma  Lewisi,  in  process  of  division;  fig.  6  shows  a  small  trypanosoma  on  the  point 
of  separating  from  the  mother  parasite.  X  about  2,000  diameters.  (After  Laveran  &  Mesnil,  1901e, 
p.  686,  figs.  2-5.) 

Figs.  7-10. — Other  forms  of  multiplication  of  Trypanosoma  Lewisi.   X  about  2,000  diameters.  (After 

Laveran  &  Mesnil,  1901e,  p.  686,  figs.  6-9.) 
Fig.  11. — Multiplying  stage,  insufficiently  stained,  so  that  the  flagella  are  not  visible.    X  about  2,000 

diameters.   (After  Laveran  &  Mesnil,  1901e,  p.  686,  fig.  10.) 

Specific  diagnosis. — Trypanosoma:  8  to  10/u  long,  2  to  3jn  broad;  24  to  25/i  long 
by  lA/t  broad  (Laveran  &  Mesnil,  1901) ;  a  very  refringent  granule  (near  centrosome) 
in  place  of  which  a  clear  vacuole  is  seen  in  stained  preparations.  "Animalcules 
exceedingly  minute,  attenuate  and  vermicular  under  normal  conditions,  but  highly 
polymorphic  and  capable  of  assuming  a  variety  of  contours;  flagellum  single, 

•Synonyms. — Herpetomonag  Lewisi  Kent,  1880;  "  Herpomonas  Lewisi  (Kent),"  1880 
(lapsus);  Trichomonas  Lewisi  (Kent)  Crookshank,  1886;  Herpetomonas  Lewisii  Dani- 
lewsky,  1889;  Trypanomonas  murium  Danilewsky,  1889;  Trypanomonas  Lewisi  (Kent) 
Labbfj,  1891;  Trypanosoma  Ijewxsi  (Kent) ;  Trypanosoma  sanguinis  Kanthack,  Durham 
&  Blandford,  1898  (not  Gruby,  1843);  Trypanosoma  rattorum  Borner,  1901;  Trypan- 
osoma (Herpetosoma)  Lewisi  (Kent)  Doflein,  1901. 
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terminal,  two  or  three  times  the  length  of  the  extended  body;  no  contractile 
vesicle  *   *   *  as  yet  detected." 
Habitat. — Blood  of  rata  (Mm  rattm,  M.  decumanus,  M.  rufescem)  and  hamster 


12.  ls  14.  15. 

Figs.  12-17. — Involution  .forms  of  Trypanosoma  Lewisi :  Fig.  12,  trypanosoma  In  fresh  blood  of  the 
guinea  pig;  fig.  13,  trypanosoma  in  a  colored  preparation  of  guinea  pig's  blood;  c,  centrosome;  v, 
vacuole;  figs.  14,  15,  trypanosomes  colored  after  being  twenty  days  in  the  refrigerator;  fig.  16, 
deformed  trypanosome,  after  9  days  in  a  hanging  drop  (blood  and  serum  of  chicken);  fig.  17,  cen- 
trosome and  flagellum,  in  a  colored  preparation.   (After  Laveran  &  Mesnil,  1901e,  p.  688,  figs.  11-16.) 


17 


18.        —  19. 

Pigs.  18-20. — Leucocyte  in  the  peritoneal  exudate  of  a  rat,  feeding  upon  a  trypanosome,  four  hours 
after  the  intraperitoneal  injection  of  trypanosomatic  blood:  Fig.  18,  movements  of  trypanosome  are 
distinct,  but  somewhat  slower;  fig.  19,  five  minutes  later;  fig.  20,  five  minutes  still  later.  (After 
Laveran  &  Mesnil,  1901e,  p.  706,  fig.  17.) 


39. 


40. 


Figs.  39-41. — Trypanosoma  Lewi&i:  Fig.  39,  simple  organism;  fig.  40,  mass  resulting  from  division, 
drawn  from  living  specimen;  fig.  41,  the  same,  from  prepared  specimen.  (Alter  Senn  &  Wasle- 
lewsky  [copied  from  Doflein,  1901,  p.  62,  fig.  36].) 

(Oricetus  arvalis).  Pleas,  and  perhaps  lice  also,  may  transmit  it  from  animal  to 
animal. 

Literature. — See  especially  Lingard's  various  papers,  and  Laveran  &  Mesnil, 
1901e,  pp.  673-714;  Eabinowitsch  &  Kempner,  1899,  pp.  251-294.    (See  also  p.  125.) 
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There  is  some  doubt  as  to  whether  the  parasite  found  in  the  hamster 
is  identical  with  that  of  the  rat.    Trypanosomes  are  also  reported  for 


Fig.  42.— Trypanosoma  Lewisi  in  rat's  blood.   "  Dissolution  of  a  rosette,  with  radially  arranged 
developed  young."   (After  Kabinowitsch  &  Kempner,  1899,  pi.  3,  fig.  27.) 

other  rodents  (bandicoots,  rabbits,  spermophiles,  and  guinea  pigs),  but 
the  descriptions  are  not  such  that  they  can  be  classified  with  certainty. 

Trypanosoma  Eransl*  (Steel,  1885)  of  surra  (horses,  et«.). 

(Figure  43.) 

Specific  diagnosis. — Trypanosoma:  20  to  30 n  long,  1  to  2  //  broad. 


Fig.  43. — Trypanosoma  Evansi:  Two  specimens  are  dividing.   X  1,200.    (After  Evans,  in  Crookshank, 

1886,  p.  918,  fig.  193.) 

"Synonyms. — [Genus  not  named]  ferox  Evans,  1881  [not  entitled  to  priority] ;  Spiro- 
chete Evansi  Steel  [not  accessible];  " Spirochxta  Evami  Steel,"  1885,  of  Crookshank, 
1886;  Hxmatomonas  Evansi  (Steel)  Crookshank,  1886;  Trichomonas  Evansi  (Steel) 
Crookshank,  1886;  Hemotomonas  Evansis  Blanchard,  1888;  "  Trichomonas  sanguinis 
Crookshank"  of  Balbiani,  1888,  p.  399,  and  "Veterinarian,  London,  1890,  p.  2;  "Spiro- 
chete Evansii"  of  Nariman  &  Vaz,  1893;  " Spiroclixta  Evansii  (Steel)"  of  Laveran, 
1895;  Trypanosomum  Evansi  (Steel)  Chauvrat,  1896;  Trypanosoma  Evansi  (Steel) 
Pease,  1897;  Trypanosoma  Evansii  Pease,  1897;  Herpetomonas  Lewisii  (Steel)  of  Dani- 
lewsky,  1889;  Trypanosoma  (Herjntosoma)  Evansi  (Steel)  Doflein,  1901;  "Trichomonas 
sanguinis  Evansi  Crookshank  "  of  Doflein,  1901. 
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Habitat. — Blood  of  horses,  mules,  camels,  and  elephants  in  India;  transmissible  to 
cattle,  buffaloes,  sheep,  goats,  rabbits,  guinea  pigs,  rats,  dogs,  cats,  and  monkeys. 
Surra  may  be  transmitted  by  flies. 

Trypanosoma  Brucii*  Plimmer  *  Bradford,  1899,  of  tsetse  disease  (horses,  etc.). 
(Figures  44-49.) 


Fig.  44. — Trypanosoma  Brucii  among  blood 
corpuscles.  (After  Koch,  1898,  p.  66,  fig.  1. ) 

disease,  and  transmitted  from  animal 
tans).  (Seealsop.110.) 


Specific  diagnosis. — Trypanosoma:  25  to 
30  n  long,  1.5  to  2.5^  broad.  As  compared 
with  Tr.  Lewisi  the  posterior  extremity  of  Tr. 
Brucii  is  not  so  sharp,  the  undulating  mem- 
brane is  broader  and  more  plicate,  the  proto- 
plasm colors  more  easily  and  more  deeply, 
and  movements  are  less  active.  The  proto- 
plasm contains  granules,  which  accumulate 
principally  in  anterior  half,  some  of  which 
are  as  large  as  the  centrosome,  and  they 
color  the  same  as  the  centrosome;  centrosome 
divides  before  the  nucleus. 

Habitat. — In  blood  of  African  horses, 
mules,  asses,  cattle,  buffaloes,  antelopes, 
camels,  hyenas,  and  dogs;  transmissible  to 
cats,  rats,  mice,  and  rabbits,  hedgehog,  don- 
key, bosch-bok,  hybrid  of  zebra  $  X  horse  J , 
horse  $  X  zebra  ? ,  ass  $  X  zebra  J ,  guinea 
pigs,  goats,  sheep,  monkey  (Macacus  rhesus), 
and  weasel;  cause  of  nagana,  or  tsetse-fly 
to  animal  by  the  tsetse  fly  (Olossina  morsi- 


Fia.  45. — Trypanosoma  Brucii:  c,  centrosome;  /,  fiagellum;  m,  undulating  membrane;  n,  nucleus. 

X  about  2,000.   (After  Laveran  &  Mesnil,  1901a,  p.  827,  fig.  1.) 
Fig.  46. — The  same,  beginning  to  divide;  two  eentrosomes  are  present,  and  the  fiagellum  is  now 

dividing.   (After  Laveran  &  Mesnil,  1901a,  p.  327,  fig.  2.) 
Figs.  47-49.— Further  stages  of  division.   (After  Laveran  &  Mesnil,  1901a,  p.  327,  figs.  3-5.) 


•Synonyms. — Trypanosoma  Brucii  Plimmer  &  Bradford,  1899;  "Trypanosoma 
Brucei"  of  Schneider  &  Buffard,  1900;  Trypanosoma  (Herpelosoma)  Brucei  Plimmer  & 
Bradford,  of  Doflein,  1901,  p.  64;  Rerpetomonas  Brucei  (Plimmer  &  Bradford) 
Laveran  &  Mesnil,  1901. 
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Trypanosoma  equiperdum*  Dofleln,  1901,  of  donrlne  (hones,  etc.). 

(Figures  50-51.) 

Specific  diagnosis. — Trypanosoma:  18  to  26//  long,  2  to  2.5  m  broad. 
Habitat. — Blood  of  horse  and  ass,  and  transmissible  to  dogs,  rabbits,  rats,  and 
white  mice.    Considered  the  cause  of  dourine  (maladie  du  coi't;  Beschalkrankheit), 

SO  51. 


Fig.  50. — Trypanosoma  equiperdum  in  blood  of  a  rat,  four  days  after  infection.   (After  Rouget,  1896, 
p.  722,  fig.  2.)  Fig.  51.— The  same,  eight  days  after  infection.   (After  Rouget,  1896,  p.  722,  fig.  3.) 

and  transmissible  by  coitus;  Algiers,  France,  and  Spain.  Nocard  believes  dourine 
is  identical  with  surra  and  nagana,  and  doubts  exist  in  the  minds  of  some  observers 
whether  Tr.  equiperdum  is  actually  the  cause  of  the  disease. 

Trypanosoma  equinum  <>  Voges,  1001,  of  mal  de  caderas  (horses,  etc.). 

(Figure  52.) 

Specific  diagnosis. — Trypanosoma:  Length  3  to  4 
times  the  diameter  of  a  red  corpuscle. 

Habitat. — Blood  of  horses,  mules,  asses,  hogs,  and 
water'  hogs;  transmissible  to  white  and  gray  rats  and 
mice,  rabbits,  guinea  pigs  (rarely),  dogs,  goats,  sheep, 
chickens,  turkeys,  ducks,  monkeys  (Nyctipithecus  feli- 
nus),  and  other  animals;  South  America. 

Trypanosoma  sp.  of  man. 

Nepveu  (1898)  has  reported  the  presence  of 
Trypanosoma  in  man,  but  satisfactory  details 
are  lacking,  and  the  British  Medical  Journal 
of  January  4,  1902,  publishes  a  short  tele- 
gram from  West  Africa,  reading:  "Trypan- 
osoma, European,  peculiar  symptoms.  Dutton."  Additional  details 
of  Dutton's  case  are  reported  in  the  British  Medical  Journal,  January 
11.  Further  than  these  three  references,  we  are  not  acquainted  with 
any  original  reports  relative  to  trypanosomiasis  in  man. 

"Synonyms. — Trypanosoma  (Herpetosoma)  equiperdum  Doflein,  1901,  July  1; 
"Tryanosoma"  (Herpetosoma)  equiperdum  Doflein,  1901  [misprint];  Trypanosoma 
Rouged  Laveran  &  Mesnil,  1901,  July;  Trypanosoma  (Hasmatomonas)  equiperdum  Dof- 
lein of  Liihe,  1902. 

^  Synonyms. — Trypanosoma  equina  Voges,  1901;  Trypanosoma  equinum  Voges  of 
Railliet,  1901. 


Fig.  62. — Trypanosoma  equinum. 
(After  Elmassian,  1901,  p.  604.) 


38  BUBEAU  OF  ANIMAL  INDUSTRY. 

B.  Trypanosoma  of  Birds. 
Trypanosoma  avium  •  Danilewsky,  1885,  of  avian  trypanosomiasis. 


(Figures  53-64.) 


Figs.  53-54.— Trypanosoma  avium,  with  posterior  vacuoles;  a  nucleus  with  a  halo  can  be  very  readily 

seen  in  flg.  63.   (After  Danilewsky,  1889a,  pi.  2,  figs.  32-33.) 
Fig.  55.— A  more  rare  form  of  Trypanosoma  avium  (with  a  pectinate  surface—  Tr.costaium).  (After 

Danilewsky,  1889a,  pi.  2,  fig.  34.) 
Fig.  56.— Large  Trypanosoma  ( TV.  major).    (After  Danilewsky,  1889a,  pi.  2,  fig.  36.) 
Fig.  57.— The  same;  entire  body  undulated.   (After  Danilewsky,  1889a,  pi.  2,  fig.  37.) 


Fig.  68.— Large  Trypanosoma  (7V.  major),  dead. 

Figs.  59-60.— Ordinary  forms  of  Trypanosoma  avium.   (After  Danilewsky,  1889,  pi.  2,  figs.  39-40.) 
Fig.  61. — Fusiforme  Trypanosoma  of  birds,  before  longitudinal  division:  the  characteristic  curves  of 

the  fiagellum;  a,  retraction  of  the  undulating  membrane;  o,  division  of  the  nucleus.  (After 

Danilewsky,  1889,  pi.  2,  fig.  44.) 
Fig.  62. — Continuation  of  61;  division  in  a  and  b;  in  a  is  formed  a  new  fiagellum  which  elongates 

rapidly.   (After  Danilewsky,  1889,  pi.  2,  fig.  45.) 
Fig.  63. — Continuation  of  62;  division  a  and  b  almost  complete;  in  a  the  mobile  fiagellum  forms 

characteristic  curves,  which  indicates  that  the  division  of  the  part  (a)  itself  is  about  to  take  place. 

c,  a,  after  the  separation  of  b.   (After  Danilewsky,  1889,  pi.  2,  fig.  46.) 
Fig.  64. — a,  b,  Specimens  of  two  young  Trypanosoma  avium  after  longitudinal  division ;  a,  a  thin 

hyaline  border  (which  will  undulate  later),  and  a  young  fiagellum;  6,  a,  already  an  undulating 

mobile  membrane;  the  undulations  start  from  the  root  of  the  fiagellum;  c,  d,  the  same  Trypanosoma, 

only  more  developed.   (After  Danilewsky,  1889,  pi.  3,  fig.  69.) 


Synonyms. — Trypanosoma  avium  Danilewsky,  1885;  Trypanosoma  fusiforme  Dani- 
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Fig.  65. — Trypanosoma 
Eberlhi.  ( After  Eberth 
[original  not  accessi- 
ble, figure  copied  from 
Doflein,  1901,  p.  59,  fig. 
33].) 


Specific  diagnosis. — Trypanosoma:  18  to  60  m  .  long ;  body  cylindrical,  compact, 
fusiform,  and  homogeneous;  anterior  extremity  gradually  attenuate,  and  continuing 
directly  into  a  long  or  short  flagellum;  flagellum  intimately  united  with  undulating 
membrane,  which  extends  from  flagellum  to  posterior  extremity;  nucleus  spherical 
in  equator  or  anterior  half  of  body. 

Habitat. — Blood  of  birds. 

Danilewsky's  use  of  technical  names  is  so  confusing  and  without  sys- 
tem that  it  is  often  difficult  to  interpret  his  writings.  Strictly  speaking, 
he  does  not  follow  the  Linnsean  system,  and  it  would 
perhaps  be  allowable,  under  the  Code  of  Nomen- 
clature, to  ignore  all  of  his  technical  names. 

!  Trypanosoma  Eberth!  Kent, »  1880. 

(Figure  65.) 

Diagnosis. — Trypanosoma:  "Body  flattened,  and semilunate 
when  at  rest,  its  convex  membraniform  border  serrated  or 
presenting  a  beaded  aspect;  straight,  lanceolate,  and  pointed 
at  each  extremity  when  in  motion,  not  produced  at  either 
end  into  a  tag-like  prolongation;  the  membranous  border 
often  spirally  convolute  around  the  thicker  central  portion, 
the  entire  body  assuming  under  such  conditions  an  auger-like 
aspect.    Length  1-1760"."    (Kent,  1880,  pp.  219-220.) 

Habitat.— Cecum  and  ileum  of  chickens,  ducks,  geese,  and 
?  pigeons. 

-  As  the  genus  Trypanosoma  is  composed  chiefly  of  parasites  which 
live  in  the  blood,  doubts  arise  in  our  minds  as  to  whether  this  species 
is  correctly  classified. 

C.  Trypanosoma  op  Amphibia. 
Trypanosoma  rotatorlumb  (Mayer,  1843)  LaTeran  k  Hesnll,  1901. 

(Figures  66-70.) 

Specific  diagnosis.— Trypanosoma:  40  to  80  /<  long  by  5  to  10  ft  broad;  flagellum 
10  to  12  /(.  "Body  compressed,  semilunate,  twisted;  the  convex  border  membra- 
nous and  undulating;  the  posterior  extremity  of  the  body  portion  pointed  and 
curved  inward,  the  opposite  one  produced  into  a  long  tag-  or  tail-like  appendage 

lewsky,  1889;  Trypanosoma  minus  Danilewsky,  1889;  Trypanosoma  majus  Danilewsky, 
1889;  Trypanosoma  sanguinis  atrium  Danilewsky,  1889;  Trypanosoma  costatum  Dani- 
lewsky, 1889,  at  least  in  part;  Trypanosoma  major  Danilewsky,  1889. 

"Synonyms. — Trypanosoma  Eberlhi  Kent,  1880;  "Tripanosoma  Eberlhi"  of  Lanes- 
san,  1882;  ?  Cercomonas  gallinarum  Davaine,  1877;  tCercomonas  gallinx  Rivolta,  1880; 
Tripanosoma  Eberthie  of  Leclerq,  1890;  t Trichomonas  columbarum  Kruse,  1896. 

""Synonyms. — Amoeba  rotatoria  Mayer,  1843,  July;  Paramecium  loricalum  Mayer, 
1843,  July;  Paramecium  costatum  Mayer,  1843,  July;  Trypanosoma  sanguinis  Gruby, 
1843,  Nov. ;  Qlobularia  radiata  sanguinis  Wedl,  1850;  Undulina  ranarum  Lankester, 
1871;  Paramecioides  costatum  Grassi,  1881;  Paramecioides  costatus  Grassi,  1883;  "Tri- 
panosoma sanguinis  Gruby  "  of  Lanessan,  1882;  "  Globularia  radiata  Wedl,  1849"  of  R. 
Blanchard,  1885;  Trypanomonas  ranarum  Danilewsky,  1885;  Trypanosoma  ranarum 
Danilewsky,  1885;  Trypanosoma  renarum  Danilewsky,  1889  [misprint  for  ranarum]; 
Trypanosoma  costatum  Danilewsky,  1889;  Trypanosoma  costatum  ranarum  Danilewsky, 
1889,  p.  61;  Trichomonas  ranarum  (Lankester)  Danilewsky,  1889;  Trichomonas  batra- 
chorum  Danilewsky,  1889;  "  Paramoecium  loricalum  -f- costatum  Mayer"  and  "Para- 
moecwides  costatus  Grassi "  of  Laveran  &  Mesnil,  1901. 
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which  almost  equals  in  length  the  remainder  of  the  body;  surface  of  the  body 
coarsely  striate  longitudinally;  endoplasm  or  parenchyma  slightly  granular;  endo- 
plast  ovate,  central." 
Habitat. — Blood  of  frogs  (Sana  temporaria,  R.  esculenta,  Hyla  arborea). 


Figs.  66-67.—  Trypanosoma  rotatorium.    (After  Lankester,  1871,  p.  388,  figs.  1-2.) 


Figs.  68-70.—  Trypanosoma  rolatorium  of  the  frog:  Fig.  68,  plaited  form;  fig.  69,  flat  form;  c,  centrosome; 
/,  flagellum;  m,  undulating  membrane;  n,  nucleus;  fig.  70,  retracted.  X  about  1,400  diameters. 
(After  Laveran  &  Mesnil,  1901c,  p.  680,  figs.  1-3.) 

D.  Trypanosoma  of  Fish. 
Trypanosoma  cobltls  » (Mitrophanow,  1883)  of  the  mudfish. 

(Figure  71.) 

Specific  diagnosis. — Trypanosoma:  30  to  40  /*  long,  1  to  1.5  M  broad;  flagellum 
10  to  15  ix.  "Body  provided  with  a  spiral  membrane  and  a  flagellum  at  the  fore 
end.  Parenchyma  of  body  homogeneous.  Second  variety,  body  and  flagellum 
only.  Movement  undulatory,  body  containing  highly  refractive  spherules.  Third 
variety,  plasma-like  body,  without  membrane  or  flagellum;  quickly  changes  form 
by  sending  out  processes  laterally,  and  contains  two  to  four  refractive  spherules." 
(Crookshank,  1886,  pp.  921-922.) 

Habitat. — Blood  of  the  mudfish  (Cobitis  fossilis) . 

■Synonyms. — Hsematomonas  cobitis  Mitrophanow,  1883;  Trichomonas  cobitis  (Mitro- 
phanow) Crookshank,  1886;  Trypanosoma  piscium  Danilewsky,  1885,  in  part;  Trypan- 
osoma fusiforme  piscium  Danilewsky,  1885,  in  part;  Trypanosoma  (Herpetosoma) 
cobitis  (Mitrophanow)  of  Doflein,  1901;  Hsematomonas  cobitidis  Liihe,  1902. 


Bulletin  No.  42,  B.  A.  I. 


Plate  III. 


Fig.  72.— a,  6,  c,  Trypanosoma  carassii  in  the  Blood  of  the  Carp;  d,  e,f,  g,  h,  other 
Organisms  in  the  same  Blood. 


(After  Mitrophanow,  1883,  p.  42,  fig.  2.) 
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Trypanosoma  carassii*  (Mitrophanow,  188S1). 
(Figure  72.) 

Specific  diagnosis. — Trypanosoma:  "Long  bodies,  with  narrow  membrane 
attached  along  the  whole  length;  less  actively  motile.  Several  forms  also  observed 
strikingly  smaller  than  the  above;  many  disk-shaped.  Often  seen  attached  to  a  red 
corpuscle,  setting  them  in  motion  by  their  movements."    (Crookshank,  1886,  p.  922. ) 

Habitat. — Blood  of  fish  (Carassius  vulgaris). 

Trypanosoma  Bemakl  Laveran  &  Mesnil,  1001,  of  pike. 

•  (Figures  73-74.) 

Specific  diagnosis. — Trypanosoma:  Noticed  in  two  forms,  described  as  varieties  as 
follows: 

T rypanosom  a  Remakiparva 
Laveran  &  Mesnil,  1901: 
Very  similar  to  Tr.  Lewm;  28 
to ZOfi  long,  including  flagel- 
lum  which  is  about  as  long 
as  the  body;  1.40  ju  broad; 
body  pointed  at  both  ex- 
tremities, often  more  point- 
ed anteriorly;  protoplasm 
finely  granular;  nucleus 
round  or  oval,  usually  near 
border  between  anterior  and 
middle  thirds  of  body;  "cen- 
trosome" small,  spherical, 
near  posterior  extremity; 
undulating  membrane 
slightly  developed. 

Trypanosoma  Remaki  magna,  Laveran  &  Mesnil,  1901 :  45  ju  long,  including  flagellum, 
the  body  measuring  26  to  28  //  long,  2  to  2.5  //  bioad;  thicker  than  Tr.  Remakiparva 
and  colors  more  intensely. 

Habitat. — Blood  of  European  pike  (Esox  lucius). 

Trypanosoma  sole*  Laveran  k  Mesnll,  1001,  of  soles. 

(Figure  75.) 

Specific  diagnosis. — Trypanosoma:  Body  32  n  long,  flagellum  8  ft  long;  anterior 
extremity  often  less  pointed  than  the  posterior;  oval  nucleus,  containing  large 
granules  of  chromatin,  situated  near  equator;  "centrosome"  spherical,  larger  than 
in  Trypanosoma  Remaki,  and  situated  toward  posterior  extremity;  undulating  mem- 
brane well  developed. 
Habitat. — In  blood  of  soles  (Solea  vulgaris);  France. 

E.  ?  Trypanosoma  of  Mollusks. 
!  Trypanosoma  Balblanli<>  Certes,  1882,  of  oysters. 
(Figures  76-81.) 

Specific  diagnosis. — ^Trypanosoma:  50  to  18  /i  long  by  1  to  30  ju  broad. 
Habitat. — Intestine  of  oysters  ( Ostrea  edults,  O.  angulala,  Gryphxa  angulata)  and 
mussels  (  Tapes  decussata,  T.  pallustra). 

'Synonyms. — Hiematomonas  carassii  Mitrophanow,  1883;  Trichomonas  carassii 
(Mitrophanow)  Crookshank,  1886;  Trypanosoma  piscium  Danilewsky,  1889,  in  part; 
Trypanosoma  j 'usifor me  Danilewsky,  1889,  in  part;  Trypanosoma  (Herpetosoma)  carassii 
(Mitrophanow,  1883)  Doflein,  1901,  p.  71. 

'Synonyms. — Trypanosoma  Balbianh  Certes,  1882;  Tripanosoma  Balbianii  (Certes) 
Balbiani,  1888;  "Trypanosoma  Balbiani"  of  Danilewsky,  1889,  p.  55. 


Fig.  73. — Trypanosoma  Remaki  parva;  c,  centrosome;  /,  flagellum; 
m,  undulating  membrane;  n,  nucleus.  X  about  1,800.  (After 
Laveran  &  Mesnil,  1901,  p.  672,  fig.  1.)  Fig.  74.—  Trypanosoma 
RemaH  magna.  (After  Laveran  &  Mesnil,  1901,  p.  672,  fig.  2.) 
Fig.  75.— Trypanosoma  solex:  c,  centrosome;/,  flagellum;  m,  un- 
dulating membrane;  n,  nucleus.  X  about  1,800.  (After  Laveran 
&  Mesnil,  1901,  p.  672,  fig.  3.) 
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According  to  recent  investigations  by  Laveran  &  Mesnil  (1901f),  this 
parasite  is  not  a  member  of  the  family  Trypanosomidae. 


76. 


77.  78. 

Figs.  76-79.— Trypanosoma  Balbianii  Certes:  Fig.  76,  group  of  living  individuals  submitted  to  com- 
pression; X  250;  retractile  crest  seen  in  a  certain  number  of  individuals;  fig.  77,  living  individual 
compressed  and  colored  by  methylene  blue;  X  800;  crest  quite  visible;  figs.  78-79,  individuals 
fixed  by  the  vapors  of  osmic  acid,  and  colored  by  methylene  blue;  X  800.  (After  Certes,  1882, 
pi.  7,  figs.  1-4.) 

Genus  Trypanoplasma''  Laveran  &  Mesnil,  1901. 

Generic  diagnosis.— Trypanosomidse:  Body  elongate,  provided  with  a  longitudinal 
lateral  membrane,  and  terminating  at  each  end  with  a  flagellum. 
Type  species. — Trypanoplasma  Borreli  Laveran  &  Mesnil,  1901. 

Trypanoplasnia  Borreli  Laveran  &  Mesnil,  1901. 

(Figure  82.) 

Specific  diagnosis. — Trypanoplasnia:  20  /<  long  (flagella  not 
broad;  body  flattened,  often  curved 
in  an  arch,  concave  side  thicker 
than  the  convex  side  which  bears 
the  undulating  membrane;  anterior 
extremity  pointed,  posterior  ex- 
tremity rounded;  at  union  of  mid- 
dle and  posterior  thirds  of  body 
are  seen  two  masses  of  chromatin 
of  about  equal  size  and  of  elongate 
form,  their  long  axis  parallel  with 
longitudinal  axis  of  the  body;  the 


included),  3  to  4  /* 


81*. 


Fig.  80. — Trypanosoma  Balbianii.  (After 
Certes,  1891,  p.  131.) 


Fig.  81a. —  Trypanosoma  Balbi- 
anii. (After  Lustrac,  1896 
[copied  from  Dofiein,  1901,  p. 
60,  fig.  34a].) 

Fig.  816.— The  same,  dividing. 
(After  Lustrac,  1896  [copied 
from  DoBein,  1901,  p.  60,  fig. 
34b].) 


Fig  .  82.— Trypanoplas- 
ma Borreli;  c,  cen- 
trosome  ;fa,  anterior 
(major)  flagellum; 
fp,  posterior  flagel- 
lum; m,  undulating 
membrane;  n,  nu- 
cleus. X  about  1,800. 
After  Laveran  & 
Mesnil,  1901,  p.  672, 
fig.  4.) 


mass  on  the  concave  side  of  the  body  is  interpreted  as  the  nucleus,  that  on  the 

•Synonyms. — "  Trypanomonas Danilewsky"  of  Labbe,  1891;  "  Trypanosoma (Trypan- 
omonas)"  of  Dofiein,  1901;  Trypanoplasma  Laveran  &  Mesnil,  1901. 
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convex  surface  as  the  "centrosome;"  from  the  "centrosome"  extend  two  flagella, 

one  anteriorly,  the  other  posteriorly;  the  anterior  flagellum  borders  the  undulating 

membrane,  then  becomes  free;  the  posterior  flagellum  borders  the  convexity  of  the 

posterior  portion  of  the  body  (where  there  possibly  exists 

an  undulating  membrane  much  less  developed  than  the 

membrane  of  the  anterior  portion)  then  borders  the 

posterior  extremity  of  the  body,  then  suddenly  turns  on 

itself  and  becomes  free;  flagella,  each  about  15  jn  long, 

making  the  total  length  of  the  parasite  about  50  u. 

Habitat. — Blood  of  the  redeye  (Leuciscus  erythrophthal- 

mug);  France. 

Trfpanoplasnia  Danilevskyi'  (Labile,  1891). 

(Figure  83.) 

Fig.  83.— Trypanoplasma 

Specific  diagnosis. — Trypanoplasma:  15  to  20  ft  long,  Danilevskyi.  (After  Lab- 
scarcely  1  ft  broad;  body  elongate,  riliforme.  be,  1891,  p.  230.) 

Habitat. — Intestine  of  leeches;  France. 

It  is  more  than  possible  that  this  parasite  was  taken  in  with  the 
blood  of  some  vertebrate. 

TECHNIQUE. 

Examine  fresh  or  defibrinated  blood.  Also,  spread  blood  in  a  thin 
layer  on  a  cover- slip,  allow  it  to  dry  superficially,  then  fix  in  abso- 
lute alcohol  1  to  2  minutes,  and  color  for  3  to  5  minutes  in  dilute  meth- 
ylene blue. 

Doflein  recommends  for  permanent  preparations  the  same  method 
used  for  amebse,  or  Ziemann's  modification  of  Romanowski's  method. 
The  following  staining  fluids  are  mixed  in  a  watch  glass  just  before 
using: 


1.  One  part  of  the  mixture —  Grams. 

Methylene  blue   1 

Borax    2. 5 

Distilled  water   100 

2.  Four  parts  of  the  mixture — 

Eosin  1 

Water  100 


"This  mixture  colors  in  about  10  minutes,  and  in  many  cases  very 
nicely  differentiated,  in  that  the  plasma  appears  blue,  flagella  red,  and 
chromatin  also  red,  but  of  a  different  shade.  If  one  of  the  two  colors 
is  too  intense,  place  the  cover  slip  in  the  other  color  for  a  short 
time."  Then  treat  the  preparation  in  the  usual  way,  finally  making 
a  balsam  mount. 

Laveran  &  Mesnil  (1901e)  recommend  highly  the  following  method: 

(1)  The  blood  is  spread  in  a  thin  layer  on  a  slide,  dried  rapidly,  and 
fixed  in  absolute  alcohol  for  10  to  15  minutes. 

(2)  The  following  solutions  are  prepared  in  advance:  (a)  Methylene 
blue  with  silver  oxide  or  Borrel  blue.    Into  a  phial  of  about  150  c.  c. 

*  Synonyms. — Trypanomonas Danilevskyi  Labb6, 1891;  Trypanosoma  ( Trypanornonas) 
Danilevskyi  (Labb6)  Doflein,  1901. 
19505— No.  42—02  4 
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are  placed  a  few  c^stals  of  nitrate  of  silver  and  50  to  60  c.  c.  of  dis- 
tilled water;  when  the  crystals  are  dissolved  the  phial  is  filled  up 
with  a  solution  of  soda,  and  the  whole  is  shaken;  there  is  formed  a 
black  precipitate  of  oxide  of  silver,  which  is  repeatedly  washed  in 
distilled  water,  so  as  to  remove  the  nitrate  of  soda  and  the_  excess 
of  soda;  then  upon  the  silver  oxide  is  poured  a  saturated  aqueous 
solution  of  methylene  blue,  prepared  with  Hochst's  medicinal  methyl- 
ene blue.  These  are  left  in  contact  for  about  two  weeks  and  shaken 
repeatedly;  (b)  1  per  cent  aqueous  solution  of  eosin  (eosin  soluble  in 
Hochst's  water);  (c)  5  per  cent  solution  of  tannin. 

The  staining  mixture  is  prepared  when  one  is  ready  to  use  it  accord- 
ing to  the  following  formula: 


The  slide  upon  which  the  blood  has  been  spread  and  fixed  is  immersed 
in  the  staining  mixture  which  has  been  poured  into  a  P6tri  dish,  for 
example,  and  it  is  left  there  from  20  to  30  minutes. 

Upon  being  removed  from  the  bath  the  preparation  is  washed  very 
freely  with  water,  then  treated  with  the  tannin  solution  (10  to  15 
minutes);  it  is  then  washed  again  freely  with  water,  and  then  with 
distilled  water,  after  which  it  is  dried. 

When  there  has  formed  a  precipitate  that  is  a  hindrance  in  the  exam- 
ination, the  preparation  is  washed  with  essence  of  cloves,  then  with 
xylol,  and  a  fine  cloth  saturated  with  xylol  is  passed  over  the  surface 
of  the  preparation.  The  preparations  are  better  preserved  dry  than 
in  balsam,  and  especially  better  than  in  cedar  oil,  in  which  they  rapidly 
lose  their  color. 

When  the  staining  has  been  successful,  the  protoplasm  of  the 
Trypanosoma  stains  light  blue,  the  nuclei  stain  violet  and  also  the  cen- 
trosomes  and  the  flagella,  in  their  free  portion  as  well  as  in  the  part 
which  borders  upon  the  undulating  membrane;  the  undulating  mem- 
brane remains  colorless  or  takes  on  a  Very  pale  bluish  tinge.  The 
blood  corpuscles  are  stained  pink,  and  the  nuclei  of  the  leucocytes 
deep  violet. 

SOURCE  OF  INFECTION  BY  THE  PARASITE  OF  SURRA. 

Opinions  differ  as  to  source  of  infection.  While  the  drinking  water 
and  herbage,  and  grain  containing  feces  of  rats  and  bandicoots  have 
been  viewed  with  suspicion  by  prominent  authorities,  some  authors 
suspect  that  flies  of  the  family  Tabanidse  act  as  transmitters  of  the 
organism.  This  latter  view  is  strongly  supported  by  analogy,  for 
tsetse  disease,  which  also  is  caused  by  a  trypanosome  {Trypanosoma 
Brucii)  and  which  some  authors  look  upon  as  nearly  if  not  quite 
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identical  with  surra,  is  carried  by  the  tsetse  fly  (Glossina  morsitans), 
and  Trypanosoma  Lewlsi  of  rats  has  been  shown  to  be  transmitted  by 
fleas,  while  lice  also  may  disseminate  this  same  parasite. 

Lingard  (1899,  p.  74),  in  discussing  the  methods  of  infection,  assumes 
"that  animals  (equines,  bovines,  solipeds,  and  buffaloes)  acquire  surra 
by  the  entrance  of  the  Trypanosoma  into  their  systems  in  one  of  four 
ways — 

"  (1)  From  eating  grass  and  vegetation  grown  upon  land  subject  to  inundation. 
"(2)  From  drinking  stagnant  water  during  certain  months  of  the  year. 
"(3)  From  the  bite  of  certain  species  of  flies,  probably  as  carriers  of  the  virus. 
"(4)  From  the  ingestion  of  corn  soiled  with  the  excrement  of  the  rat  and 
bandicoot." 

Of  these  methods  it  seems  to  us  that  the  insect  theory  is  by  far  the 
most  plausible. 

A.  FROM  THE  BITE  OF  OR  INFECTION  BY  INSECTS  AS  CARRIERS 

OF  THE  PARASITES. 

Lingard  (1899,  p.  75)  demonstrated  in  1891  that  the  "  body  fluids  "  of 
certain  flies,  after  sucking  the  blood  of  surra  animals,  contained  Try- 
panosoma in  varying  numbers,  and,  further,  that  healthy  animals  when 
inoculated  with  such  soiled  material  contracted  the  disease  after  a 
period  of  incubation.  These  facts,  taken  in  connection  with  the  recent 
experiments  on  nagana  and  on  rat  trypanosomiasis,  indicate  very 
strongly  that  Evans's  surra  is  transmitted  by  dipterous  insects.  Lin- 
gard mentions  Tabanus  (gadflies),  Hippoboscidae  (louse  flies),  Muscidaa 
(flies),  and  Culicidae  (mosquitoes)  as  bothering  the  animals  in  India. 
He  quotes  the  following  (1899,  p.  78)  from  "Nawabkhan,  the  camel 
jamadar  of  the  Third  Punjab  Infantry,"  who  "  has  the  reputation  of 
knowing  more  about  the  camel  than  anybody  else  in  the  district:" 

"The  prevailing  opinion  among  the  natives  in  this  district  is  that  surra  is  caused 
by  the  bite  of  a  large  brown  fly  (the  size  of  a  small  bee)  called  Bhura  dhang.  In  the 
month  of  May  that  fly  comes  from  the  ground  in  jungle  land  that  has  been  under 
water.  In  June  and  July  the  flies  are  very  numerous  and  in  full  force;  about  the 
15th  of  August  they  begin  to  diminish,  and  early  in  October  they  are  obtained  with 
difficulty.  The  fly  bites  horned  cattle  and  donkeys,  but  these  suffer  no  ill  effects;  it 
bites  men,  and  a  painful  swelling  follows;  it  bites  horses  and  camels,  and  gives  them 
a  fatal  disease  known  by  several  names,  such  as  khanhog,  doaia,  and  surra,  depending 
upon  the  several  stages.  Phipri  is  another  name  by  which  it  is  known  among  camels. 
I  know  of  no  reason  for  saying  that  the  fly  causes  the  disease  except  the  common 
tradition  of  my  people."    (Griffith  Evans,  1880.) 

Lingard  (1899,  pp.  22,  78-79)  further  states: 

"Flies.- -On  the  24th  of  September  at  Mohand  I  demonstrated  microscopically 
the  surra  hsematozoon  in  the  blood  of  flies  taken  from  the  bodies  of  horses  suffering 
from  the  disease,  in  the  blood  of  which  the  protozoon  was  present  at  the  time. 

"The  presence  of  the  Trypanosoma  of  surra  in  the  body  fluids  of  certain  species  of 
flies  caught  near  to  or  on  the  bodies  of  animals  (horses,  dogs)  suffering  from  that 
disease  was  frequently  observed  and  demonstrated  at  the  Poona  Laboratory  in 


46 


BUREAU  OF  ANIMAL  INDUSTRY. 


1890.  We  have  before  pointed  to  the  fact  that  when  once  the  disease  exists  its  fur- 
ther development  in  other  animals  is  frequently  due  to  the  bite  of  flies,  which  carry 
the  soiled  blood  on  their  piercing  organs. 

"The  chief  question  which  presented  itself  for  solution  was  whether  the  Trypan- 
osoma is  ever  to  be  found  in  the  body  fluids  of  flies  and  ticks  (1)  during  the  hot 
season  of  the  year,  when  it  is  very  exceptional  to  find  a  case  of  the  disease,  or  ( 2 )  dur- 
ing the  early  part  of  the  rains  before  the  disease  has  manifested  itself  in  animals.  In 
order  to  elucidate  the  above  problems  it  was  necessary  to  visit  the  localities  known  to 
be  surra  centers  during  the  hot  season,  but  just  before  the  rains  usually  commence 
at  the  end  of  May  and  beginning  of  June,  and  a  second  time  about  the  end  of  August 
and  beginning  of  September,  the  middle  of  the  rains,  on  each  occasion  to  system- 
atically make  a  very  large  number  of  microscopical  observations  of  the  different  fluids 
to  be  examined. 

"With  this  object  in  view  (1)  in  the  hot  season,  numerous  specimens  of  the  tho- 
racic and  abdominal  fluids  of  the  following  species  of  Diptera  were  submitted  to 
microscopical  examination:  (a)  Large  green-headed  fly  (Tabanus  lineola),  (b)  large 
brown-headed  fly  (Tabanus  tropicus),  (c)  horse  and  cattle  fly  (Hippobosca  maculata), 
(d)  small  variety  infesting  dogs  (Hippobosca),  (e)  local  varieties  of  the  Muscidee, 
and  (/)  mosquitoes  (Culicidse). 

"Flies  obtained  from  every  available  source  were  submitted  to  microscopical  exam- 
ination. During  a  sojourn  in  a  surra  locality  we  engaged  coolies  to  supplement  our 
own  staff;  consequently  fresh  supplies  of  Diptera  were  brought  in  several  times  daily. 
These  were  carefully  examined  in  the  fresh  state.  In  different  districts  one  or  more 
species  of  flies  were  generally  found  to  predominate,  but  they  varied  also  in  number 
and  species  according  to  the  season  of  the  year. 

"The  microscopical  examination  of  the  water,  mud,  fresh-water  shellfish,  flies, 
and  ixodes  collected  during  the  hot  season  observations  failed  to  reveal  the  presence 
of  any  form  of  Trypanosoma. 

"(2)  During  the  rainy  season  tour,  hundreds  of  flies  belonging  to  some  ten  differ- 
ent species,  together  with  ticks  from  equines  and  canines,  were  collected  and  their 
body  fluids  submitted  to  microscopical  examination,  but  in  all  cases  with  negative 
results  as  regards  the  presence  of  the  Trypanosoma. 

"Veterinary  Capt.  G.  H.  Evans,  during  his  tours  in  Burma,  has  been  good 
enough  to  make  a  large  number  of  microscopical  observations  for  this  report,  but  has 
failed  to  detect  anything  like  the  surra  haeuiatozoon  in  the  jungle  Diptera  examined. 
He  states  that  a  fly  exists  in  Burma,  a  little  larger  than  the  common  house  fly,  with 
body  yellowish  in  color  and  with  its  legs  bent  on  themselves.  At  the  point  where 
this  fly  bites  a  small  extravasation  of  blood  appears  just  under  the  skin,  which  shortly 
after  presents  the  appearance  of  a  blood  bleb,  such  as  follows  a  contused  wound. 
These  insect  pests  are  present  in  great  numbers  just  before  thunderstorms  at  the 
termination  of  the  hot  season,  not  only  in  the  plains,  but  also  at  Thandaung  in  the 
Karen  and'  Binjyi  in  the  Shan  Hills.  The  gaur  (Indian  bison)  and  tsaing  suffer  from 
rinderpest  and  foot-and-mouth  disease,  yet  these  animals  have,  up  to  the  present, 
never  been  observed  with  surra,  although  careful  search  for  the  disease  has  been 
made.  They  live  in  heavy  jungle  where  the  flies  are  so  annoying  to  them  that  they 
have  to  go  in  the  open  to  escape  their  attacks." 

Griffith  Evans  (1881,  p.  8),  in  his  excellent  discussion,  appears  to  be 
the  first  European  to  suggest  flies  as  transmitters  of  surra.    He  says: 

"It  is  not  improbable,  however,  that  those  flies  so  excessively  troublesome  at 
Jutta  and  other  outposts,  which  bite  horses  so  that  the  blood  streams  down  the  legs 
as  if  it  had  been  squirted  on,  do  convey  the  disease  from  one  horse  to  another  by 
inoculation.  It  is  a  fact  that  the  disease  does  spread  mostly  at  those  posts  where 
the  horses  are  closely  packed  and  the  flies  are  in  greatest  numbers;  but  those  are 
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the  posts  also  where  the  drinking  water  is  worst;  so  that  it  is  extremely  difficult  to 
form  a  true  opinion  upon  this  subject  without  further  experiments.  However,  the 
indications  at  present  are  that  horses  affected  with  surra  should  be  kept  at  a  distance 
from  other  horses  during  the  season  when  those  flies  are  common.  They  were 
becoming  scarce  in  the  early  part  of  October.  I  obtained  two  specimens  with 
difficulty.  I  do  not  know  yet  what  is  their  scientific  name.  They  are  very  large, 
of  a  brown  color,  and  common  in  many  parts  of  India.  The  natives  call  them  bhura 
dhung,  which  means  a  great  needle-like  sting.  There  is  a  common  opinion  prevail- 
ing among  the  natives  of  the  Dera  Ismail  Khan  district  that  this  fly  is  the  cause  of 
the  disease.  I  shall  refer  to  this  again,  and  merely  mention  it  here  because  I  think 
the  fly  may  sometimes  propagate  the  disease  by  inoculation,  and  thus  be  an  item 
among  the  causes  to  account  for  the  spread  of  the  disease  more  at  some  posts  and 
in  some  years  than  others,  though  the  disease  would  exist  independently  ot  them. 
When  the  horses  stand  close  together  the  fly  is  able  to  go  from  one  horse  to  another 
before  the  blood  about  its  mouth  is  dry;  whereas  if  he  had  to  travel  some  dis- 
tance through  the  dry  air,  in  the  hot  sun,  the  virus  of  the  blood  would  perhaps  be 
destroyed." 

Pease  (1897,  p.  560)  says  that  the  natives  have  for  years  attributed 
surra  to  Tabanus  tropicus. 

The  fly  theory  of  surra  explains  satisfactorily  a  number  of  facts 
which  have  long  been  observed  in  connection  with  this  malady. 
Thus,  surra  is  a  disease  of  wet  weather,  and,  as  we  have  already 
pointed  out,  biting  flies  are  practically  creatures  of  moisture.  They 
breed  more  rapidly  in  wet  weather,  and  pupa?  are  more  likely  to 
issue  when  the  surrounding  media  are  moist  than  when  they  are  dry. 
Howard, a  in  discussing  the  Tabanidse,  says: 

"The  adults  are  great  water  drinkers,  and  are  usually  most  abundant  in  the  vicinity 
of  inland  ponds  and  streams.  This  has  suggested  to  Porchinsky,  the  Russian  ento- 
mologist, the  desirability  of  coating  such  ponds  with  kerosene,  and  his  experiments 
resulted  in  the  destruction  of  great  numbers  of  Tabanids. 

"The  larvse  of  the  Tabanidse  live  in  the  earth  or  in  water  and  are  carnivorous,  feed- 
ing upon  soft-bodied  insects  and  water  snails.  The  spindle-shaped  brown  or  black 
eggs  are  deposited  in  summer  in  groups  attached  to  the  leaves  or  stems  of  herbage. 
The  gadflies  vary  greatly  in  color  and  size,  and  the  smaller  ones  of  the  genus  Chrysops, 
sometimes  called  'deer  flies,'  are  frequently  quite  small  and  colored  with  yellow  or 
green.  The  larger  ones  vary  through  gray  and  brown  to  black.  Our  largest  gadfly 
is  Tabanus  amencanus  Forst.,  which  is  1\  inches  long,  and  has  a  wing  spread  of  2J 
inches.  It  inhabits  the  Southern  States.  About  1,500  species  are  known,  and  per- 
haps 200  occur  in  this  country." 

The  importance  of  moisture  in  connection  with  biting  flies  in  general 
is  also  ably  set  forth  by  Miss  Murtfeldt"  in  the  following  passage: 

"The  horsefly,0  very  numerous  and  annoying  to  cattle  during  May  and  June, 
entirely  disappeared  some  weeks  since,  the  manure  drying  out  too  rapidly  to  afford 
the  larvse  time  to  develop.  Even  the  housefly  and  other  annoying  Muscidse  are 
comparatively  few  in  number." 

"The  Insect  Book,  1902,  pp.  131-132.    New  York.  . 

"Drought,  Heat,  and  Insect  Life,  by  Miss  Mary  E.  Murtfeldt,  Bull.  31,  n.  s.,  Div. 
Entom.,  U.  S.  Dept.  Agric,  1902,  pp.  97-99. 

0  Reference  is  apparently  made  to  Slomovys  calcilrans. 
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George  H.  Evans  (1899,  p.  41)  states  that  in  Burma  flies  are  particu- 
larly bad  after  the  first  few  thunderstorms.  Again,  surra  is  acknowl- 
edged to  be  more  common  in  moist  places,  as  near  rivers,  ponds,  and 
marshes.  In  this  connection  it  may  be  pointed  out  that  flies  also  are 
more  common  in  such  localities. 

Nariman  &  Vaz  (1893,  p.  403)  are  authority  for  the  statement  that 
there  is  a  common  belief  among  natives  that  animals  acquire  surra  by 
eating  filth  from  the  refuse  heaps  outside  of  the  villages.  This  belief 
also  supports  the  fly  theory,  for  refuse  heaps  attract  flies,  and  on  this 
account  there  would  be  a  greater  chance  of  infection  when  horses  feed 
around  such  heaps. 

Pease  (1897,  pp.  557-558)  has'stated  that  he  has  seen  all  the  dogs 
of  a  village  infected  from  eating  the  carcasses  of  animals  which  died 
of  surra,  and  that  cats  become  infected  in  the  same  way.  It  seems  to 
us,  however,  that  it  is  perhaps  an  open  question  whether  the  dogs 
were  actually  infected  through  eating  the  meat  or  whether  the  car- 
casses had  attracted  flies  which  in  turn  had  bitten  the  dogs.  Both 
explanations  seem  plausible,  for  the  parasites  might  enter  the  dogs 
through  some  wound  in  the  mouth,  such  as  could  easily  be  made  while 
gnawing  bones. 

Rodgers  (1901,  p.  164)  has  recently  experimented  with  the  transmis- 
sion of  surra  by  flies.  In  every  case  where  they  were  kept  from 
one  to  four  or  more  days  after  biting  an  infected  animal  no  disease 
developed. when  these  flies  bit  healthy  animals;  but  fresh  flies — that 
is,  immediately  after  biting  infected  animals — produced  infection  in 
healthy  animals.  No  developmental  stages  of  the  parasite  were  found 
in  the  tissues  of  flies,  and  such  insects  fed  to  a  rat  failed  to  produce 
infection. 

The  fly  theory  also  agrees  entirely  with  experimental  subcutaneous 
inoculations.  It  has  been  abundantly  demonstrated  by  various  observ- 
ers that  surra  may  be  transmitted  by  subcutaneous  injection,  and  also 
that  horses  contract  surra  readily  in  the  usual  period  (5  to  7  days)  when 
a  small  scratch  on  the  muzzle  is  smeared  with  a  trace  of  soiled  blood. 
The  bite  of  a  fly  or  the  soiling  of  a  scratch  by  a  fly  whose  beak,  body, 
or  legs  are  soiled  with  undried  trypanosomatic  blood  corresponds  to 
these  cases  of  experimental  infection. 

It  is  very  noticeable  that  in  speaking  of  prevention,  a  number  of 
authors  advise  removing  the  animals  to  more  healthful  ground,  and  it 
seems  quite  reasonable  to  assume  that  such  a  change  would  naturally 
be  to  a  region  where  flies  are  less  common. 

Finally,  Steel  (1886a,  p.  170)  records  that  gray  and  white  mules 
suffer  most,  and  in  this  connection  we  may  point  out  the  fact  that, 
according  to  Professor  Wallace,  flies  attack  light-colored  animals  more 
than  the}'  do  dark  ones.  Whether  they  actually  do  attack  lighter 
animals  more,  or  whether  they  are  only  seen  more  easily  on  a  light 
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background,  is  perhaps  an  open  question.  There  can,  however,  be 
little  doubt  that  certain  mosquitoes  attack  whites  more  than  they  do 
negroes,  and  the  apparent  relation  between  the  white  and  gray  mules, 
the  flies,  and  surra,  is,  to  say  the  least,  a  tempting  explanation. 

We  are  by  no  means  convinced  as  yet  that  biting  insects  play  any 
necessary  r61e  in  the  life  history  of  Trypanosoma  comparable  to  the 
r61e  mosquitoes  (of  the  genus  Anopheles)  play  in  the  sexual  generation 
(sporogony)  of  Plasmodium,  the  cause  of  malaria.  Up  to  the  present 
time  far  too  little  is  known  regarding  the  variations  in  the  life  cycle 
of  the  Trypanosomidse  to  warrant  any  but  the  most  reserved  conclu- 
sions, but  the  indications,  to  our  minds,  are  that  whether  or  not  the 
parasite  of  surra  may  pass  a  sexual  stage  of  reproduction  in  Tabanus 
(gadflies),  such  a  sexual  stage  does  not  appear  to  be  necessary  for  the 
dissemination  of  the  disease  by  insects.  In  other  words,  the  indica- 
tions seem  to  be  in  the  line  of  the  explanation  given  by  Griffith  Evans 
(1881,  p.  8),  namely,  that  flies  with  undried  surra  blood  on  their  beaks 
may  transmit  the  disease.  If  these  indications  have  been  correctly 
interpreted  by  us,  consistency  would  compel  us  to  admit  that  not  only 
Tabanus  tropicus,  but  any  other  biting  or  piercing  insect,  such  as 
Stomoxys  calcitrans,  and  even  the  ordinary  housefly  (Musca  domestica), 
might  act  as  transmitters.  Accordingly,  we  at  present  are  inclined  to 
believe  that  if  by  any  chance  a  surra  patient  were  brought  to  this 
country,  the  disease  could  spread  here,  even  if  no  Asiatic  insects  were 
accidentally  introduced  at  the  same  time.  In  other  words,  our  Amer- 
ican biting  flies,  and  even  mosquitoes,  must  be  taken  into  consideration 
as  possible  or  even  probable  disseminators  of  the  contagious  material. 

Some  flies  which  Dr.  J.  J.  Curry,  of  the  medical  corps  of  the  United 
States  Army,  collected  in  the  Philippines  have  been  forwarded  by  him 
to  Dr.  L.  O.  Howard,  entomologist  of  the  United  States  Department 
of  Agriculture,  and  have  been  determined  as  the  common  biting  stable 
fly,  Stomoxys  calcitrans.  Dr.  Curry  states  that  he  collected  the  speci- 
mens in  question  from  surra  horses,  and  that  in  his  opinion  this  is  the 
fly  which  is  the  common  transmitter  of  the  disease  in  the  Philippines. 
He  has  repeatedly  found  the  surra  parasite  in  the  stomach  and  in  the 
proboscis  of  this  Stomoxys,  but  we  are  not  informed  that  any  direct 
experiments  have  been  made  to  transmit  surra  by  means  of  the  insect 
in  question. 

B.  BIRDS  AS  POSSIBLE  TRANSMITTERS  OF  SURRA. 

Lingard  (1899,  p.  22)  also  mentions  the  possibility  of  the  accidental 
transmission  of  surra  by  crows.    He  says: 

"Several  instances  presented  themselves  where  both  healthy  and  diseased  horses 
were  standing  side  by  side;  both  classes  of  animals  presented  open  sores  (galls)  on 
their  bodies,  generally  on  either  side  of  the  spinal  column.  Crows  were  perched  on 
their  backs,  pecking  and  scratching  the  sores,  and  in  several  instances  drawing  blood. 


50 


BUREAU  OF  ANIMAL  INDUSTRY. 


The  birds  moved  freely  from  the  back  of  one  animal  to  the  other,  and  no  doubt  this 
is  one  source  by  which  the  disease  is  spread.  This  would  occur  with  the  greatest 
ease  either  with  their  blood-stained  beaks  or  with  their  soiled  feet  coming  in  contact 
with  a  raw  surface,  for  I  have  proved  that  a  minute  fraction  of  a  drop  of  blood  con- 
taining surra  hematozoon  is  capable  of  conveying  the  disease  to  the  horse  if  spread 
over  a  scratch  in  the  skin  of  the  animal." 

We  see  nothing  improbable  in  this  view.  In  fact,  surra  appears  to 
us  to  be  a  wound  disease,  transmissible  through  any  sort  of  wound, 
whether  it  be  made  by  insects,  crows,  syringes,  knives,  or  anything 
else,  provided  undried  trypanosomatic  blood  comes  in  contact  with  the 
freshly  wounded  surface. 

C.  INFECTION  BY  INGESTION  OF  BLOOD  OF  AFFECTED  ANIMALS. 

A  number  of  experiments  have  been  made  to  transmit  surra  to  ani- 
mals by  feeding  the  blood  of  infected  animals,  and  attention  has 
already  been  directed  to  the  statement  that  dogs  and  cats  are  alleged 
to  become  infected  through  eating  surra  carcasses.  We  are  inclined 
to  accept  this  as  a  possible  method  of  transmission,  but  in  this  con- 
nection we  would  direct  attention  to  the  following  points: 

(1)  It  does  not  appear  to  be  satisfactorily  demonstrated  (a)  whether 
the  parasites  have  forced  their  way  through  the  intestinal  mucosa  (as 
does  not  seem  impossible:  Compare  bacterial  infections;  tuberculosis; 
trichinosis;  Balantidium  coli,  according  to  Strong's  recent  interesting 
results);  or,  (b)  whether  the  hematozoa  have  entered  the  system 
through  some  intestinal  wound.  (2)  It  also  does  not  appear  in  the 
ingestion  experiments  that  authors  have  always  excluded  the  possi- 
bility of  accidental  infection  by  insects.  Infection  by  ingestion  of 
blood  does  not  at  present  come  into  very  serious  consideration  in  con- 
nection with  the  transmission  of  surra  from  horse  to  horse,  unless 
perhaps  the  horses  should  lick  fresh,  bleeding  fly  bites,  and  thus 
accidentally  smear  a  wound  in  the  mouth  with  trypanosomatic  blood.* 

D.P  CONGENITAL  INFECTION. 

According  to  Lingard  (1895,  p.  12),  no  Trypanosoma  has  been  found 
in  the  fetuses  in  case  of  rats,  even  when  the  gravid  mother  was 
found  infected.  This  conclusion  is  based  upon  a  number  of  observa- 
tions, and  apparently  establishes  the  fact  that,  at  least  under  normal 
conditions  of  the  placenta,  surra  is  not  congenitally  infectious.  (See 
also  pp.  Ill,  128.)    This  view  is  supported  by  other  authors  also. 

*An  article  has  just  been  obtained  from  Rodgers  (1901),  who  shows  (p.  168)  that, 
if  surra  blood  is  fed  to  an  animal  with  an  abraded  surface  with  which  the  blood 
comes  in  contact,  infection  will  take  place.  If  there  is  no  abrasion,  no  infection 
follows. 
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E.P  FROM  DRINKING  STAGNANT  WATER  AND  EATING  VEGETA- 
TION GROWN  UPON  LAND  SUBJECT  TO  INUNDATION. 

In  discussing  infection  from  these  sources,  Lingard  (1899,  pp. 
Y4-75)  says: 

"The  question  of  grass  and  water  being  the  carriers  of  the  contagium  of  surra  is  so 
intimately  associated  that  it  will  be  as  well  to  consider  these  two  factors  together  in 
their  relation  to  the  causation  of  thedisease.  Thedistribution  of  this  malady  seems  to 
be  entirely  influenced  by  the  physical  aspect  of  the  country.  It  appears  to  be  chiefly 
brought  about  by  the  occurrence  of  floods  and  inundations,  being  far  more  prevalent 
in  those  parts  of  the  country  where  these  occur  than  in  the  higher  and  drier  por- 
tions. It  is  far  more  common  in  the  vicinity  of  the  rivers  and  canals  than  in  por- 
tions of  the  country  where  water  is  'scarce.  It  is  not  usual  for  the  natives  of  India 
to  make  any  provision  for  the  maintenance  of  their  animals  in  the  form  of  hay  or 
dried  grass.  The  usual  custom  is  either  to  graze  their  cattle  where  grass  is  to  be 
found  or  to  cut  it  from  the  jungles  and  wastes  as  it  is  required.  Toward  the  end 
of  the  hot  season  grass  on  the  higher  lands  has  become  burnt  up;  at  lower  levels, 
especially  at  the  bottoms  of  rJalas,  swamps,  and  ponds,  where  water  has  been  lying  till 
a  much  later  period,  an  abundant  supply  can  generally  be  found,  and  it  is  from  these 
sources  that  it  is  procured. 

"Similar  conditions  operate  at  intervals  during  the  wet  season,  or  directly  the 
rains  have  ceased,  especially'in  those  parts  of  this  country  where  the  temperature  is 
high  at  this  time  of  the  year.  The  lands  bordering  on  rivers  and  streams,  or  those 
which  are  low  lying,  become  flooded,  the  herbage  is  covered  with  water,  which  in 
some  cases,  when  the  land  has  a  clayey  subsoil,  disappears  almost  entirely  by 
gradual  evaporation,  and  such  places  are  favorable  for  the  development  of  low  forms 
of  life,  and  possibly  for  the  Trypanosoma.  Animals,  therefore,  which  daily  consume 
grass  and  drink  water  from  such  localities  run  a  risk  of  taking  into  their  systems  the 
contagium  of  this  disease.  In  confirmation  of  these  statements  we  may  mention  one 
example  from  many  collected.  The  inhabitants  of  a  village  ' '  Naoni  "in  the  Ghazia- 
bad  Tahsil,  of  the  Meerut  district,  visited  by  Veterinary  Captain  Pease  in  1895, 
informed  him  that  some  40  out  of  60  camels  attacked  had  died  out  of  a  herd  of  250. 
The  people  now  drive  the  camels  away  to  the  Bangar  or  higher  lying  grounds  during 
the  rains,  and  water  those  animals  which  remain  in  the  lowlands  from  wells  only, 
in  order  to  escape  the  disease.  They  attribute  the  disease  to  stagnant  water,  and  do 
not  allow  their  camels  to  drink  at  open  places  until  the  water  has  stood  for  a 
considerable  time  and  become  '  pakka'  (wholesome).  On  the  other  hand,  Veterinary 
Captain  G.  H.  Evans  reported  the  case  of  a  pony  which  contracted  surra  in  a  compound 
in  Rangoon.  The  grass  was  obtained  by  its  attendant  from  any  source^  available, 
while  the  water  supplied  to  the  animal  came  from  the  municipal  supply  pipes.  This 
was  the  first  case  of  surra  acquired  in  that  city  observed  by  the  above  officer  during 
a  residence  of  some  6  or  7  years." 

Lingard's  presentation  of  this  case  does  not  absolutely  convince  us 
that  either  water  or  grass  conveys  the  disease.  There  is  nothing  at 
present  known  in  connection  with  the  biology  of  any  Trypanosoma 
which  would  lead  us  to  look  seriously  upon  the  grass  and  water  as 
sources  of  infection  with  surra,  notwithstanding  the  fact  that  this 
method  of  infection  has  been  referred  to  by  so  many  authors. 
Naturally,  stagnant  water  will  not  improve  the  health  of  animals,  but, 
on  the  contrary,  will  increase  the  infection  with  parasitic  worms,  and 
so  tend  to  reduce  the  condition  of  the  stock.    Futhermore,  insects 
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will  be  present  in  greater  numbers  under  the  conditions  described, 
hence  these  localities  will  naturally  present  a  greater  chance  for  the 
spread  of  the  disease.  Our  remarks  are  not  to  be  interpreted  as  a 
denial  of  the  possibility  of  infection  in  the  way  described,  but  simply 
as  an  expression  of  reserve  or  perhaps  skepticism  upon  this  point, 
pending  further  investigations.  Our  skepticism  finds  decided  sup- 
port in  the  remarks  by  Pease  (1897),  quoted  on  page  95  of  this  report. 

F.P  INGESTION  OF  GRAIN  SOILED  WITH  EXCREMENT  OF  THE  RAT 
AND  THE  BANDICOOT. 

In  discussing  the  subject  Lingard  (1899,  p.  76)  says: 

"In  1891  experimental  inoculation  of  equines  proved  that  out  of  12  animals  inocu- 
lated with  soiled  rat's  blood  4,  or  33  per  cent,  contracted  surra  and  died  of  a  virulent 
form  of  the  disease  in  an  average  of  7  days.  The  above  experiments  raised  the 
question  as  to  how  rats  could  cause  the  disease  in  horses,  for  the  food  would  rarely, 
if  ever,  be  soiled  with  the  blood  of  these  Small  animals.  It  therefore  only  remained 
to  be  tried  whether  the  excreta  of  rata,  in  whose  blood  the  infusorian  was  present  at 
the  time  of  its  collection,  could  cause  the  disease  when  mixed  with  grain.  Experi- 
ments with  this  end  in  view  were  carried  out,  and  one  Australian  horse  contracted 
surra  in  1893,  the  incubation  period  occupying  some  time  between  June  and  Septem- 
ber, during  which  the  animal  received  daily  rat  excrement  mixed  with  its  ration  of 
corn.  This  was  evidence  that  when  a  horse  is  made  to  ingest  soiled  material  day  by 
day  surra  may  finally  be  contracted,  but  whether  the  disease  was  ever  actually  pro- 
duced in  the  natural  course  of  events  by  this  means  at  that  time,  there  was  no  testi- 
mony forthcoming.  Inquiries  were  instituted  in  different  parts  of  India  in  order  to 
discover  whether  any  folklore  existed  on  the  subject,  and  syces  and  keepers  of  horses 
were  interrogated  for  a  similar  purpose.  In  June,  1895,  one  gentleman,  with  many 
years'  experience  in  India,  stated  'that  it  was  a  fixed  idea  in  the  minds  of  many 
natives  in  the  Northwest  Provinces  and  Oudh  that  if  horses  were  allowed  to  eat  corn 
soiled  with  rat  excrement  some  of  them  would  be  more  than  likely  to  die  within  a 
few  months.'  Again,  the  following  statement  was  made  by  an  old  syce:  '  It  is  a 
common  belief  among  syces  that  rat's  dung  in  the  corn  given  to  horses  makes  them 
ill.'  Further  testimony  with  regard  to  small  animals  was  obtained  to  this  effect: 
'Some  years  ago  we  lost  a  couple  of  goats,  and  the  native  who  tended  them  said 
death  was  due  to  the  rat's  dung  we  found  among  the  stock  of  gram  the  animals  had 
been  fed  upon.' 

"From  the  above  statement  it  will  be  gathered  that  animals  can  acquire  the 
Trypanosoma,  or  organism  of  surra,  by  different  means.  The  thousands  of  equines 
which  have  succumbed  to  that  disease  in  the  Punjab  alone  have  to  shift  for  them- 
selves, and  under  no  circumstances  obtain  anything  as  fodder  but  the  grass  they  can 
find  and  water  from  the  nearest  source.  Therefore  the  question  of  rat  excrement  can 
be  at  once  excluded  as  a  factor  in  the  causation  of  the  disease  in  that  class  of  animals. 
But  with  regard  to  the  question  of  surra  being  communicated  by  the  bites  of  a  fly ,  we 
know  that  when  once  the  disease  is  started  it  may  be  reproduced  to  any  extent  by 
these  insects.  The  evidence  put  forward  with  regard  to  the  effect  of  rat  excrement 
in  corn  is  also  of  great  importance  to  the  horse  owner  in  India." 

We  are  inclined  to  accept  Lingard's  reasoning  in  this  case  with 
double  reserve.  While  it  appears  that  rats  may  contract  horse  surra, 
it  has  not  been  shown  that  Trypanosoma  are  found  in  the  excrement 
either  of  horses  or  of  rats,  nor  is  it  clear  to  us  that  during  the  experi- 
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ment  mentioned,  extending  over  three  to  four  months,  the  necessary 
precautions  were  taken  to  exclude  fly  bites  and  other  factors.  If,  in 
fact,  Trypanosoma  accidentally  reached  the  feces  through  intestinal 
hemorrhage,  it  is  not  clear  how  they  could  be  infectious,  for  rat  feces 
dry  rapidly,  and  drying  appears  to  kill  this  parasite,  as  has  been 
proved  also  for  other  species  of  Trypanosoma  (see  p.  113).  Finally, 
even  if  it  is  assumed  that  the  rat  trypanosomiasis  found  was  identical 
with  the  horse  surra,  it  is  at  least  possible  that  it  might  have  been 
transmitted  by  rat  fleas  perhaps  as  easily  as  by  the  ingestion  of 
excrements. 

SYMPTOMS  OF  SURRA. 
GENERAL  CLINICAL  PICTURE. 

Lingard  (1893,  pp.  62-64)  has  given  the  following  summary  of 
symptoms — the  most  complete  summary  which  has  as  yet  been  pub- 
lished by  any  author  whose  papers  we  have  been  able  to  consult: 

"Before  describing  the  symptoms  of  surra,  it  will  be  necessary  first  to  divide  cases 
of  the  disease  under  two  different  heads,  viz:  A.  Those  which  have  contracted  the 
disease  in  the  natural  course  of  events;  B.  Those  which  have  acquired  the  disease 
by  inoculation. 

"A.  Symptoms  of  the  disease  as  observed  when  contracted  naturally. — The  invasion  of 
this  disease  is  usually  marked  by  symptoms  of  a  trivial  character;  the  skin  feels  hot, 
and  there  may  be  more  or  less  fever;  there  is  also  slight  loss  of  appetite,  and  the 
animal  appears  dull  and  stumbles  during  action;  thus  early  a  symptom  sometimes 
appears,  which  may  be  the  first  intimation  received  of  the  animal's  indisposition, 
and  which,  as  a  guide  to  diagnosis,  is  of  great  importance;  it  is  the  presence  of  a 
general  or  localized  urticarial  eruption.  If  the  blood  be  examined  microscopically 
it  may  be  found  to  present  a  normal  appearance,  but  in  the  majority  of  cases  a  few 
small,  rapidly  moving  organisms  will  be  observed,  giving  to  the  blood,  as  it  passes 
amongst  the  corpuscles,  a  peculiar  vibrating  movement,  which  if  once  observed  will 
not  readily  be  forgotten.  If  the  hematozoon  has  not  been  discovered  in  the  blood 
for  some  days,  the  before  mentioned  may  be  the  only  symptoms  noticeable,  and  as  a 
rule,  when  treated  with  febrifuges,  the  horse  quickly  improves  in  health  and  the  appe- 
tite returns.  This  condition  does  not  last  for  more  than  a  few  days,  when  the  animal 
is  again  observed  to  present  a  dull  and  dejected  appearance,  and  on  examination  well- 
marked  symptoms  are  found;  the  skin  is  hot,  the  temperature  more  or  less  elevated, 
38.7°  to  40°  C;  the  pulse  full  and  frequent,  56  to  64  beats  per  minute;  the  visible 
mucous  membranes  may  appear  clean,  but  the  conjunctival  membranes,  especially 
those  covering  the  membrana  nictitans,  are  usually  the  seat  of  dark-red  patches  of 
ecchymosis,  varying  in  size  in  different  animals.  There  is  more  or  less  thirst  and 
slight  loss  of  appetite,  the  animal  eating  its  corn  and  green  grass,  whilst  leaving  all 
or  a  portion  of  the  dried  grass  with  which  it  has  been  supplied.  At  the  same  time 
there  are  slight  catarrhal  symptoms  present,  including  lachrymation  and  a  little 
mucous  discharge  from  the  nostrils.  Occasionally  at  this  period  of  the  disease  the 
submaxillary  glands  may  be  found  enlarged  and  perhaps  somewhat  tender  on 
manipulation.  One  symptom  is  markedly  absent,  namely,  the  presence  of  rigors, 
or  the  objective  signs  of  chilliness.  In  addition  it  will  be  noted  that  there  is  some 
swelling  and  edema  of  the  extremities,  generally  between  the  fetlock  and  the  hock, 
which  pits  but  is  not  painful  on  pressure,  and  in  the  cases  of  horses  there  may  be 
present  also  at  this  stage  of  the  disease  some  swelling  of  the  sheath.    When  the  fever 


54 


BUREAU  OF  ANIMAL  INDUSTRY. 


and  concomitant  symptoms  have  declared  themselves  during  a  short  period,  one 
thing  becomes  especially  noticeable  in  every  animal  attacked,  namely,  the  rapidity 
with  which,  it  loses  flesh.  If  the  blood  has  been  examined  microscopically  during 
the  second  period  of  fever,  at  first  a  few  hematozoa  will  have  been  observed  in  it, 
which  day  by  day  increase  in  number  and  reach  a  maximum,  where  they  remain  for 
a  varying  period,  or  at  once  suddenly  or  gradually  disappear  during  the  period  of 
apyrexia.  After  the  fever  and  the  accompanying  symptoms  have  for  the  second  time 
been  present  for  some  days,  the  period  varying  from  one  to  six,  the  animal  is  found 
to  have  lost  the  dull,  dejected  appearance  and  to  look  bright.  The  elevated  temper- 
ature has  fallen  and,  in  some  cases,  has  attained  normal  or  even  subnormal  limits. 
The  visible  mucous  membranes,  are  clean  and  the  conjunctival  petechise  begin  to 
fade;  the  pulse,  however,  will  be  found  to  be  weak  and  thready  in  character,  but 
the  appetite  excellent,  and,  in  fact,  if  it  were  not  for  the, loss  of  flesh  and  slight 
edema  of  the  extremities,  there  would  be  little  to  show  that  the  animal  was  ailing. 
But  unfortunately  this  condition  does  not  continue  for  any  length  of  time,  for  again 
the  temperature  is  elevated;  in  the  course  of  a  few  hours  the  thermometer  registers 
a  still  higher  degree,  the  animal  is  dull  and  dejected,  and  by  the  following  day  the 
visible  mucous  membranes  present  a  yellow  tinge;  large  ecchymoses,  dark  in  color, 
appear  on  the  conjunctival  membranes;  the  action  of  the  heart  is  irritable,  the  pulse 
full  and  quick,  or  at  times  intermittent,  and  regurgitation  may  be  observed  in  the 
jugulars;  the  breathing  is  quickened  and  the  individual  respirations  shallow.  On 
watching  an  animal  in  this  condition  it  may  be  noticed  that  it  takes  seven  to  eight  very 
short  inspirations,  and  these  are  followed  by  a  much  more  prolonged  and  sonorous 
one;  at  the  same  time  the  breathing  is  more  abdominal  than  thoracic  in  character. 
On  examination  of  the  extremities  it  will  be  found  that  the  swelling  and  edema  have 
increased  considerably,  and  that  on  the  undersurface  of  the  abdomen,  where  it  was 
previously  confined  to  the  sheath,  it  has  now  commenced  to  spread  forward  along 
the  subcutaneous  tissue  between  the.skin  and  the  muscles.  During  the  whole  of  this 
time  the  appetite  will  have  varied  little,  and  the  evacuations  will  be  only  slightly, 
if  at  all,  altered  in  character.  In  the  blood  a  repetition  of  the  previous  events 
takes  place,  the  hematozoa  make  their*  appearance  and  run  up  to  a  maximum, 
and  again  suddenly  or  gradually  disappear  according  to  the  length  of  the  fever  period. 
These  periods  alternating  with  and  without  fever  may  go  on  for  a  considerable  time. 
The  progress  of  the  disease  is  variable,  and  greatly  depends  upon  the  condition  of 
the  animal  attacked,  the  weak  ones  succumbing  very  rapidly;  but  each  bout  of  the 
fever  brings  with  it,  as  a  rule,  an  increase  in  the  severity  of  the  symptoms.  There 
is  augmented  yellowness  of  the  membranes,  fresh  crops  of  petechias  on  the  conjunc- 
tiva, a  collection  of  gelatinous  material  at  the  inner  canthi,  which  at  times  becomes 
red  in  color  from  an  admixture  of  blood,  and  which  on  microscopical  examination 
is  found  to  contain  a  varying  number  of  the  surra  hematozoa;  increased  swelling  and 
edema  of  the  extremities  and  abdomen,  which  now  extends  between  the  fore  limbs 
and  up  the  chest.  During  this  time  the  wasting  has  been  steadily  progressive, 
especially  the  muscles  of  the  back  and  those  surrounding  the  hip  joint  and  the  glutei. 

"Toward  the  termination  of  the  disease,  it  will  be  noticed  that  an  animal  is  disin- 
clined to  move,  and  when  made  to  do  so  there  will  be  manifest  loss  of  power  over  the 
hind  quarters,  somewhat  simulating  a  slight  partial  paralysis,  and  the  hind  quarters 
of  the  animal  reel  from  side  to  side.  In  connection  with  this  it  may  be  noted  that 
there  is  frequently  present  paralysis  of  the  sphincter  ani  and  a  dilated  condition  of 
the  anus.  These  symptoms  taken  together  point  to  some  interference  with  the  normal 
functions  of  the  spinal  cord  in  the  lower  dorsal  and  lumbar  regions,  and  are  probably 
due  to  pressure  caused  by  an  exudation  within  the  spinal  membranes.  In  many 
cases  shortly  before  death  the  heart's  action  becomes  exceedingly  violent,  shaking 
the  whole  frame  at  each  beat,  so  that  the  sound  can  be  heard  at  some  distance  from 
the  animal.   In  some  of  these  cases  the  animal  may  suddenly  drop  dead;  in  others 


EMEBGENOT  BEPOET  ON  SITBBA. 


55 


the  emaciation  and  weakness  become  so  pronounced  that  the  animal  falls  to  the 
ground,  and,  after  a  short  bout  of  struggling,  succumbs  to  the  disease.  In  other 
cases,  again,  the  animal  falls  to  the  ground  and  appears  to  he  suffering  from  acute 
pain,  struggles  violently,  sweats  bedew  the  hody,  and  the  respirations  are  very  hur- 
ried. The  struggles  soon  exhaust  the  patient's  strength,  and  for  a  time  it  lies  quiet; 
soon,  however,  the  struggles  commence  again,  and  this  continues  until  death  occurs. 

"B.  77iose,which  have  acquired  the  disease  by  inoculation. — Twenty-four  hours  after 
the  subcutaneous  injection  of  a  small  quantity  of  surra  blood,  in  the  great  majority  of 
cases,  a  small,  circumscribed,  and  somewhat  raised  swelling  is  noticed  at  the  seat  of 
inoculation.  After  48  hours  the  tumor  has  increased  in  size,  and  is  accompanied  hy 
some  edema;  it  presents  a  certain  amount  of  tension  of  the  parts  involved,  and  is 
generally  tender  on  manipulation.  These  conditions  continue  to  increase,  until  by 
the  fourth  day  the  tumor  may  measure  3  or  4  inches  in  one  direction,  by  2  or  3  in 
the  other,  and  raised  to  the  extent  of  an  inch  or  an  inch  and  a  half  above  the  sur- 
rounding tissues,  or  in  some  cases  present  an  almost  circular  form  throughout.  It 
will  be  also  found  that,  if  the  tumor  be  firmly  grasped,  it  is  not  fixed,  but  can  he 
lifted  up  from  the  subcutaneous  tissue.  According  to  the  nature  and  amount  of  the 
inoculated  blood  so  will  these  symptoms  rapidly  present  themselves,  and  either  attain 
a  maximum  or  be  retarded,  until,  varying  from  the  fourth  to  the  thirteenth  day,  the 
tumor  at  the  seat  of  inoculation  will  be  found  to  have  lost  a  certain  amount  of  its 
tension  and  tenderness.  From  this  date  the  swelling  and  edema  will  gradually  begin 
to  grow  less,  until,  finally,  after  a  period  of  10  to  14  days,  the  only  sign  left  of  the 
former  swelling  will  be  a  slight  thickening  of  the  skin  over  the  point  of  injection; 
but  at  the  moment  when  the  tension  and  tenderness  of  the  parts  at  the  seat  of  inocu- 
lation become  suddenly  decreased,  a  symptom  of  the  utmost  importance  clinically 
takes  place,  viz,  at  that  moment  the  organism  of  surra  enters  the  blood  of  the  general 
circulation. 

"The  temperature  on  the  day  of  inoculation,  and  in  fact  for  several  days  after- 
wards, may  remain  normal  in  character,  there  being  only  a  few  points  difference 
between  the  morning  and  evening  observations.  In  other  cases  there  may  be  a 
slight  rise  from  the  first  evening,  and  a  gradual  progressive  rise  until  the  swelling  at 
the  seat  of  inoculation  shows  signs  of  reduction  in  size,  when  the  temperature  gen- 
erally takes  a  decided  rise  again,  and  may  attain  40°  or  41°  C.  This  elevation  will 
last  a  varying  period  of  from  2  to  6  days,  and  on  the  day  following  its  onset  the 
ordinary  symptoms  of  fever  will  be  noticed;  and  in  addition  there  will  be  petechise 
on  the  conjunctival  membranes,  lachrymation,  a  slight  mucous  discharge  from  the 
nose,  and  in  severe  cases  some  oedema  of  the  lower  portion  of  the  extremities,  and 
perhaps  of  the  sheath  in  horses.  At  the  termination  of  the  period  of  fever,  the  tem- 
perature will  be  found  to  have  fallen  to  normal  or  nearly  so;  the  animal  will  present 
a  brighter  aspect,  and  there  is  every  appearance  of  its  return  to  health;  but  in  a  few 
days  the  animal  again  appears  dull  and  semisomnolent;  the  temperature  becomes 
elevated,  and  a  relapse  takes  place,  and  a  repetition  of  all  the  symptoms  in  the  pri- 
mary paroxysm,  including  the  reappearance  of  the  hematozoon,  is  observed." 

Griffith  Evans  (1881,  p.  2)  states  that  the  symptoms  of  surra  should  be 
divided  into  (1)  those  common  to  other  maladies,  and  (2)  those  charac- 
teristic of  this  disease.  Invasion  of  surra,  acquired  in  the  ordinary  way, 
is  that  common  to  all  low  fevers. 

Surra  in  camels. — According  to  Hagger  (see  Lingard,  1899,  p.  35), 
the  most  prominent  symptoms  in  the  camel,  in  addition  to  the  fever, 
are  swellings  which  appear  on  the  sides  of  the  chest  near  the  pad  and 
in  the  sheath  and  scrotum  of  males  and  in  the  udder  of  females. 
These  swellings  form  into  large  abscesses  containing  an  enormous 
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quantity  of  thick  cream-colored  pus.  From  the  first  to  the  last  there 
is  progressive  anemia,  and,  although  the  appetite  generally  remains 
good,  the  animal  rapidly  wastes  away  until  it  becomes  a  mere  living 
skeleton.  The  parasite  is  not  present  in  the  blood  continuously  during 
the  whole  course  of  the  disease.  The  periods  during  which  it  is  present 
are  marked  by  elevation  of  the  body  temperature  (fever),  which  rises 
in  some  cases  to  106°  F.  and  sinks  to  the  normal  during  the  intermis- 
sion, when  the  parasites  are  absent.  The  disease  is  invariably  fatal 
in  the  horse,  but  the  camel  men  aver  that  a  small  percentage  of  camels, 
which  can  tolerate  it  for  three  years,  recover. 

Surra  in  cattle. — According  to  Lingard  (1899,  pp.  80-88),  surra 
will  undoubtedly  develop  in  bovines  and  buffaloes,  but  these  animals 
do  not  appear  especially  susceptible  to  the  disease;  they  may,  in  fact, 
recover  from  the  attack,  put  on  flesh,  and  appear  in  robust  health. 

Surra  in  mid  animals. — We  have  scarcely  any  information  at  pres- 
ent in  regard  to  surra  in  wild  animals,  but  it  seems  very  probable  that 
some  wild  animal  will  be  found  which  suffers  from  the  disease  in  but  a 
slight  degree  and  which  therefore  will  be  able  to  keep  up  the  infection 
of  a  district  from  year  to  year.  Curry  (1902)  has  recently  reported 
surra  in  the  Philippine  "caribao"  [kerabau,  Buhalis  kerabau]. 

ANALYSIS  OF  SYMPTOMS. 

ONSET  AND  INCUBATION. 

There  is  no  history  of  a  definite  onset  (Burke,  1891,  p.  268;  1897, 
p.  191),  and  the  condition  is  progressive,  usually  with  a  number  of 
relapses.  According  to  the  Veterinary  Journal,  London  (1896,  p.  177), 
there  is  rarely  an  opportunity  to  note  early  symptoms,  the  attack 
usually  being  a  mild  one,  with  the  animal  a  little  dull  and  off  its  feed, 
but  after  a  few  days'  rest,  it  apparently  recovers,  and  the  owner  sends 
it  back  to  work.  The  attack  is  somewhat  of  a  bilious  fever  type,  the 
animal  being  dull,  listless,  and  leg-weary. 

The  period  of  incubation  is  apparently  subject  to  considerable  varia- 
tion. It  is  6  to  8  days  (2  to  7  days,  Steel,  1886a,  p.  255)  in  experi- 
mental cases  caused  by  inoculation  with  or  ingestion  of  blood  taken 
from  animals  affected  with  surra;  if  the  blood  is  from  a  dead  animal, 
the  incubation  may  be  prolonged  to  13  days;  in  cases  where  the  blood 
has  been  diluted  with  water,  and  been  given  by  mouth,  symptoms  may 
not  appear  for  even  75  days.    (Hayes,  1898,  p.  481.) 

According  to  Lingard  (1893,  pp.  55-58),  the  period  of  incubation 
varies  according  to  circumstances: 

"  (g)  The  latent  period  ofmrra,  or,  in  other  words,  the  time  which  elapses  between 
the  introduction  of  the  materies  morbi  into  the  system  and  the  first  appearance  of  the 
hematozoon  in  the  blood  of  the  general  circulation,  will  be  found  to  vary  consider- 


Fig.  84.— Horse  No.  21  showing  the  swollen  and  edematous  Condition  of  the  Extremities,  Sheath, 
and  undersurface  of  the  abdomen  on  the  nineteenth  day  of  the  disease. 


(After  Lingnnl,  is;::!;  i>.  <  :..) 


Fig.  85.— Horse  No.  55,  showing  Condition  on  twenty-second  Day. 

(After  Lingiird,  ],s!)3;  p.  ci.xvm.) 


Fig.  86.— Horse  No.  89,  showing  Condition  on  fiftieth  Day  of  the  Disease. 
(After  Lingard,  1899;  I'l.  1.) 


Fig.  87.— Horse  No.  89,  after  successful  Treatment. 
(Afar  Lingard,  1899;  1*1.  11.) 


Fig.  88. -Pony  in  Pajamas,  A3  a  Prc  .  ;ction  aq„,.<st  thl  Tsetse  Fly. 

(Negative  by  Lieut.  T.  C.  Johnson,  A.  S.  C.   Copied  from  Storuy,  1S»9;  p.  14.) 
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ably  according  to  certain  circumstances.  The  chief  conditions  which  influence  it 
will  be  found  under  the  following  headings: 

"I.  The  species  of  animal  inoculated. 

"II.  The  means  used  for  inoculating  the  animal. 

"III.  The  kind  of  fluid  used  for  inoculation,  viz:  (a)  blood;  (b)  serum;  (c)  fluid 
taken  from  the  tunica  vaginalis  testis;  (d)  fluid  taken  from  the  pericardial  sac;  (e) 
cerebro-spinal  fluid. 

"  IV.  Whether  the  fluid  used  for  inoculation  was  drawn  ante-  or  postmortem  from 
the  animal  affected  with  surra: 

"(a)  Antemortem. 

"  (i)  If  during  a  paroxysm,  the  number  of  hematozoon  present  at  the  time  of 
inoculation.  > 

"  (ii)    If  during  an  intermission  or  an  apyrexial  period,  the  presence  or  absence 
of  anything  on  microscopical  examination. 
"(6)  Postmortem. 

"  (i)  The  number  of  hours  that  were  allowed  to  elapse  between  death  and  the 
inoculation. 

"  (ii)    The  number  of  hematozoa  in  the  blood  just  previous  to  death. 

"V.  The  quantity  of  the  fluid  introduced  into  the  system  of  the  animal,  either  by — 

"  (i)     Direct  injection  into  the  general  circulation. 

"  (ii)     Gastric  ingestion. 

"  (Hi)   By  subcutaneous  inoculation. 

"  (iv)  By  smearing  on  an  abraded  surface  or  slight  cutaneous  incision  from  which 
no  blood  escaped. 

"(I.)  The  Latent  Period  in  Naturally  Contracted  Cases. 

"A  most  difficult  point  to  clear  up,  and  one  which  up  to  the  present  has  not  been 
recorded,  is  the  latent  period  of  surra  in  cases  in  which  it  is  contracted  naturally. 
The  difficulty  can  more  readily  be  understood  when  it  is  recognized  that  the  con- 
tagiurn  is,  in  all  probability,  taken  into  the  system  of  the  animal,  together  with  its 
forage  or  water,  or  perhaps  with  both;  and  that  at  a  subsequent  period,  when  the 
symptoms  of  disease  become  evident,  the  animal  may  be  in  a  different  part  of  the 
country  altogether. 

#***#*# 
"(II.)  The  Latent  Period,  when  the  Contagium  is  given  by  the  Mouth. 

"  (a)  Gastric  ingestion  of  a  considerable  amount  of  soiled  blood. 

"(6)  In  small  doses  in  water,  following  more  closely  the  way  in  which  animals 
are  supposed  to  contract  the  disease  naturally. 

"  (a)  By  gastric  ingestion  of  a  considerable  amount  of  soiled  blood. — On  the  evening 
of  September  29,  1880,  Evans  experimented  upon  a  fairly  healthy  aged  mare  by 
administering  20  ounces  of  blood  drawn  from  the  jugular  vein  of  an  animal  suffering 
from  surra.  On  the  morning  of  October  6,  the  blood  when  examined  microscopically 
was  swarming  with  very  active  parasites.  In  this  case  an  observation  was  made  on 
the  4th  of  October,  to  the  effect  that  the  temperature  was  99.8°  P.  (37.6°  C);  blood 
examined,  but  no  parasite  found;  but  there  is  no  note  on  the  following  day,  the 
5th,  regarding  the  condition  of  the  blood,  although  the  temperature  is  recorded  as 
having  been  102.2°  F.  (39°  C).  Consequently  I  am  inclined  to  believe  that  the 
hematozoon  would  have  been  found  on  the  5th  if  it  had  been  looked  for,  taking  into 
account  the  rise  of  temperature  and  the  fact  that  the  hematozoa  were  swarming  in 
the  blood  on  the  morning  of  the  6th.  In  this  case,  then,  the  latent  period  may  be 
said  to  have  been  only  5.5,  or  at  the  most  6.5  days. 
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"On  the  morning  of  the  30th  of  September,  to  a  second  mare  Evans  gave  20  ounces 
of  blood,  drawn  from  the  jugular  vein  of  the  same  horse  as  that  from  which  the 
blood  was  taken  for  the  preceding  experiment.  On  the  morning  of  the  6th  of  Octo- 
ber, with  a  temperature  of  103°  F.  (39.4°  C.)>  the  blood  presented  many  parasites, 
but  not  swarming  as  in  the  last  case.  The  latent  period  extended  from  the  morning 
of  the  30th  of  September  to  that  of  the  6th  of  October,  or  6  days. 

"(6)  By  giving  small  repeated  quantities  of  soiled  blood  in  water. — As  no  previous 
researches  have  been  conducted  with  small  quantities  of  soiled  blood  in  water,  it  was 
decided  to  endeavor  to  produce  the  disease  in  a  somewhat  similar  manner  to  that 
in  which  it  is  naturally  contracted.  With  this  end  in  view,  a  strong  healthy  Austra- 
lian gelding  was  obtained,  sixteen  years  old  and  in  good  condition,  to  which  small 
quantities  of  blood  mixed  with  a  large  bulk  of  water  were  to  be  given  at  short 
intervals.  Accordingly  on  the  4th  of  May,  1891,  4  minims  (0.25  c.  c.)  of  blood 
(swarming  with  the  surra  hematozoon)  mixed  with  1  gallon  of  fresh  water,  were 
given  to  the  animal  to  drink.  Up  to  the  9th  no  change  had  taken  place  in  the 
animal's  condition,  and  on  this  date  8  minims  (0.53  c.  c. )  of  blood  containing  numer- 
ous hematozoa  were  given  in  the  same  way.  On  the  10th  and  11th  the  animal 
showed  no  change.  On  the  latter  date  6  minims  (0.4  c.  c.)  of  blood  containing  the 
surra  hematozoon  were  given  in  a  quart  of  water.  On  the  12th  a  few  small  petechise 
were  noticed  on  the  membranse  nictitantes.  Up  to  the  24th,  with  the  exception  of  a 
slight  indisposition  on  the  18th,  which  rapidly  passed  off,  no  symptoms  of  disease 
were  noticed.  On  the  24th  the  animal  received  in  water  8  minims  (0.53  c.  c.)  of 
blood  containing  very  numerous  hematozoa;  no  change  of  any  importance  was 
noticed  up  to  the  6th  of  June,  and  on  that  date  the  animal  received  in  water  8 
minims  of  blood  containing  numerous  hematozoa.  There  was  no  change  on  the  14th 
of  June,  when  30  minims  (2  c.  c.)  of  blood  containing  very  numerous  hematozoa 
were  given  in  3  quarts  of  water.  On  the  16th  no  change  having  taken  place,  10 
minims  (0.66  c.  c. )  of  blood  swarming  with  hematozoa  were  given.  On  the  17th  25 
minims  (1.6  c.  c),  taken  from  horse  No.  23  suffering  from  surra,  but  fromvwhich»the 
hematozoon  was  absent,  were  given  in  a  gallon  of  water.  From  this  date  to  the  28th 
of  June  no  change  was  noticed.  On  the  latter  date  200  minims  (13.3  c.  c.)  of  blood, 
containing  very  numerous  hematozoa  were  administered  in  a  bucketful  of  water. 
From  this  date  (June  28)  up  to  September  1  absolutely  no  symptom  of  disease  was 
noticed;  but  from  the  1st  until  the  6th  of  September  there  was  a  very  slight  disturb- 
ance of  temperature,  which,  however,  remained  normal.  On  the  morning  of  the 
11th  of  September  the  temperature  had  risen  to  39.4°  0.  and  numerous  hematozoa 
were  observed  in  the  blood. 

"Thus  it  will  be  seen  that  from  the  first  exhibition  to  the  animal  of  the  soiled 
surra  blood  on  May  4,  1891,  until  the  last  on  the  28th  of  June,  a  period  of  55  days 
had  elapsed;  and  from  the  exhibition  of  the  last  200  minims,'until  the  first  appearance 
of  the  hematozoon  in  the  blood,  75  days;  or  from  first  to  last,  130  days. 

"(III.)  The  Latent  Period  when  the  Fluid  Used  for  Inoculation  is  Drawn 
Ante-  or  Postmortem  from  the  Animal  Affected  with  Surra. 

"Antemortem. 

I.  Blood  taken  during  a  paroxysm — 

(a)  By  gastric  ingestion. — Horse  No.  20:  200  minims  containing  very  numerous 
hematozoa.  Period  of  incubation  from  the  date  of  the  last  adminis- 
tration, 75  days. 

(6)  By  direct  injection  into  the  general  circulation. — Horse  No.  15:  0.8  c.  c. 
containing  numerous  hematozoa,  6  days.  Horse  No.  14:  0.7  c.  c. 
containing  numerous  hematozoa,  5  days. 
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(c)  By  subcutaneous  injection. — Horse  No.  5:  3  c.  c.  containing  very  numerous 
hematozoa,  4  days.  Horse  No.  8:  1  c.  c.  containing  very  numerous 
hetnatozoa,  5  days.  Horse  No.  22:  1  c.  c.  containing  very  numer- 
ous hematozoa,  4  days.  Horse  No.  4:  1  c.  c.  containing  few  hema- 
tozoa, 8  days.  Horse  No.  30:  1  c.  c.  containing  few  hematozoa,  7 
days.  Horse  No.  29:  0.8  c.  c.  containing  few  hematozoa,  7  days. 
Horse  No.  59:  0.5  c.  c.  containing  numerous  hematozoa,  5  days. 
Horse  No.  64:  0.5  c.  c.  containing  few  hematozoa,  7  days.  Horse 
No.  12:  0.13  c.  c.  (2  minims)  numerous  hematozoa,  6  days.  Horse  No. 
54:  0.1  c.  c.  containing  swarms  of  hematozoa,  4  days.  Horse  No.  55: 
0.1  c.  c.  containing  swarms  of  hematozoa,  7  days.  Horse  No.  24:  a 
fraction  of  1  min'm,  very  numerous  hematozoa,  7  days. 
II.  Blood  taken  during  an  intermission — 

(a)  By  subcutaneous  injection. — Horse  No.  13:  1  c.  c.  hematozoon  absent  from 
the  blood,  8  days.  Horse  No.  21:  1  c.  c.  hematozoon  absent  from  the 
blood,  8  days.  Horse  No.  48:  0.5  c.  c.  hematozoon  absent  from  the 
blood,  10  days. 

'Postmortem. 

L  Blood  removed  from  the  heart  or  great  vessels — 

(a)  By  subcutaneous  injection. — Horse  No.  27  inoculated  with  2  c.  c.  blood 
taken  16  hours  postmortem,  from  which  the  hematozoon  was  absent, 
but  very  numerous  antemortem.  Latent  period  11  days.  Horse  No. 
11  inoculated  with  1  c.  c.  blood  taken  10£  hours  postmortem,  from 
which  the  hematozoon  was  absent,  but  very  numerous  antemortem. 
Latent  period  11  days.  Horse  No.  18  inoculated  with  2  c.  c.  blood 
taken  10  hours  postmortem,  from  which  the  hematozoon  was  absent, 
but  numerous  antemortem.  Latent  period  13  days.  Horse  No. 
19  inoculated  with  2  c.  c.  blood  taken  10  hours  postmortem,  from 
which  the  hematozoon  was  absent,  but  numerous  antemortem.  Latent 
period  9  days.  Horse  No.  32  inoculated  with  0.3  c.  c.  blood  taken  8 J 
hours  postmortem,  from  which  the  hematozoon  was  absent,  but  very 
numerous  antemortem.  Latent  period  9  days.  Horse  No.  46  inocu- 
lated with  1  c.  c.  blood  taken  8J  hours  postmortem,  from  which  the 
hematozoon  was  absent,  but  very  numerous  antemortem.  Latent 
period  8  days.  Horse  No.  23  inoculated  with  1  c.  c.  blood  taken 
5J  hours  postmortem,  from  which  the  hematozoon  was  absent,  but 
swarming  antemortem.  Latent  period  8  days.  Horse  No.  58  inocu- 
lated with  1  c.  c.  blood  taken  5  hours  postmortem,  from  which  the 
hematozoon  was  absent,  but  swarming  antemortem.  Latent  period 
9  days. 

II.  Blood  serum  from  the  large  vessels — 

(a)  By  subcutaneous  injection.— Horse  No.  7  inoculated  with  1  c.  c.  serum 
taken  2  hours  postmortem,  the  hematozoon  was  absent,  but  was 
numerous  in  the  blood  antemortem.    Latent  period  8  days. 

'Antemortem. 

Tunica  vaginalis  testis  fluid  and  blood. — Horse  No.  33  inoculated  with  1  c.  c.  of 
fluid  from  the  tunica  vaginalis  testis  of  goat,  in  which  the  hematozoa  were 
numerous.  Latent  period  5  days.  Horse  No.  34  inoculated  with  1  c.  c.  of 
blood  from  No.  33,  antemortem  ■  containing  numerous  hematozoa.  Latent 
period  13  days. 
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"Postmortem. 

I.  Blood  removed  from  the  heart  or  great  vessels. — Horse  No.  38  inoculated  with 

1  c.  c.  of  blood  taken  9i  hours  postmortem,  from  which  the  hematozoon 
was  absent,  but  very  numerous  antemortem.  Latent  period  9  days. 
Horse  No.  41  inoculated  with  1  c.  c.  of  blood  taken  9£  hours  postmortem 
from  case  No.  40,  from  which  the  hematozoon  was  absent,  but  very 
numerous  antemortem.  Latent  period  7  days.  Horse  No.  40  inoculated 
with  0.6  c.  c.  of  blood  taken  1J  hours  postmortem  from  case  No.  34,  from 
which  the  hematozoon  was  absent,  but  very  numerous  antemortem. 
Latent  period  6  days.  Horse  No.  31  inoculated  with  0.3  c.  c.  of  blood 
taken  8  hours  postmortem  from  case  No.  33,  from  which  the  hematozoon 
was  absent,  but  swarming  antemortem.    Latent  period  9  days. 

II.  Blood  serum  removed  from  the  large  vessels. — Horse  No.  50  inoculated  with 

2  c.  c.  of  blood  serum  taken  45  minutes  postmortem  from  case  No.  38, 
from  which  the  hematozoon  was  absent,  but  swarming  antemortem. 
Latent  period  9  days. 

"inoculation  of  other  animals  than  horses. 

"Antemortem. 

I.  Blood  taken  during  a  paroxysm  from  horses — 

(a)  By  subcutaneous  injection.  Bull:  1.7  c.  c.  containing  very  numerous 
hematozoa.  Latent  period  7  days.  Sheep:  0.8  c.  c.  containing  a  few 
hematozoa,  and  with  1  c.  c.  containing  a  few  hematozoa  14  days 
later,  no  organism  found  in  the  blood,  but  they  were  found  on  the 
fifty-ninth  day  in  the  fluid  of  the  tunica  vaginalis  testis.  Goat: 
0.5  c.  c.  containing  swarms  of  hematozoa.  Latent  period  was  7 
days.  Rabbits:  0.3  c.  c.  containing  very  numerous  hematozoa, 
latent  period  5  days;  0.3  c.  c.  containing  very  numerous  hematozoa, 
latent  period  9  days.  Guinea  pigs:  1  c.  c.  containing  very  numerous 
hematozoa,  latent  period  12  days.  Guinea  pigs:  1  c.  c.  containing 
very  numerous  hematozoa,  latent  period  9  days.  Guinea  pigs:  0.5 
c.  c.  containing  very  numerous  hematozoa.  This  was  a  pregnant 
doe,  and  the  latent  period  was  7  days,  showing  that  pregnancy  pre- 
disposes. Bats  (Mus  decumanus):  0.2  c.  c.  containing  very  numerous 
hematozoa.  Latent  period,  1  day.  Rats  (Mus  decumanus):  0.1  c.  c. 
containing  a  few  hematozoa.  Latent  period,  2  days.  Rats  (Mus 
decumanus):  0.1  c.  c.  containing  a  few  hematozoa.  Latent  period  2 
days.  Rate  (Nesokia  provident) :  0.2  c.  c.  containing  numerous  hema- 
tozoa. Latent  period,  2  days.  Rate  (Nesokia  providens):  0.2  c.  c. 
containing  numerous  hematozoa.  Latent  period,  5  days.  Rats  (Neso- 
kia providens):  0.2  c.  c.  containing  numerous  hematozoa.  Latent 
period,  5  days. 

"  Postmortem. 

I.  Blood  and  other  fluids  removed  from  the  body — 

(a)  By  subcutaneous  inoculation.  Goat  No.  3  inoculated  with  1  c.  c.  blood 
taken  5J  hours  postmortem,  from  which  the  hematozoon  was  absent, 
but  swarming  antemortem.  Latent  period,  6  days.  Guinea  pig  inoc- 
ulated with  0.4  c.  c.  cerebrospinal  fluid  2  hours  postmortem,  hema- 
tozoa absent,  but  very  numerous  in  the  blood  antemortem.  Latent 
period,  11  days.  Guinea  pig  inoculated  with  1  c.  c.  pericardial  fluid  13 
hours  postmortem,  hematozoa  absent,  but  swarming  in  the  blood 
antemortem.  Latent  period,  10  days.  Guinea  pig  inoculated  with  1 
c.  c.  pericardial  fluid  13  hours  postmortem,  hematozoa  absent,  but 
swarming  in  the  blood  antemortem.  Latent  period,  10  days."  (Lin- 
gard,  1893,  pp.  55-61.) 
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STAGES  AND  DURATION. 

The  duration  of  surra  varies  with  the  species  of  animals  attacked, 
their  age  and  general  condition,  but  sex  has  no  influence.  According 
to  Griffith  Evans  (1881,  p.  4),  the  records  of  the  Fourth  Punjab  Cavalry 
show  an  average  duration  of  43  days  after  admission  on  the  sick  list. 
Burke  (1888a,  p.  9;  1891,  p.  268)  gives  the  average  (taken  from  Evans)  as 
probably  not  less  than  2  months.  According  to  Burke  (1897,  p.  192), 
naturally  weak  animals  succumb  more  quickly  than  strong  ones;  in 
some  cases  the  course  is  very  rapid,  and  may  be  (1891,  p.  268;  1892, 
p.  192)  less  than  1  to  2  weeks.  Nariman  &  Vaz  (1893,  p.  403)  describe  the 
animals  as  dying  by  inches.  The  Veterinary  Journal,  London  (1896, 
p.  179),  gives  the  duration  as  proportionate  to  the  animal's  age,  con- 
stitution, and  condition;  young  horses  may  pass  through  seven  or  nine 
paroxysms,  while  old,  worn-out  animals  may  succumb  quickly.  Pease 
(1897,  p.  560)  states  that  nearly  all  cases  take  a  month  or  more  to  kill, 
and  Hayes  (1898,  p.  481)  quotes  Gunn  as  authority  for  52  days  as  the 
average  duration. 

In  discussing  the  subject  of  stages  and  duration,  Lingard  (1893, 
p.  73)  says: 

"Stages. — The  fever  of  surra,  as  before  mentioned,  varies  to  such  an  extent  in 
different  cases  that  it  is  impossible  to  group  any  number  of  them  under  any  one 
system  of  description  as  regards  the  stages  of  the  disease.  The  insidious  nature  of 
the  onset  in  the  naturally  contracted  disease,  devoid  of  symptoms  during  a  consider- 
able period,  renders  it  impossible  to  recognize  it  until  such  time  as  the  organism 
appears  in  the  blood.  Consequently  little  is  known  concerning  the  latent  period 
and  stage  of  invasion,  and  in  such  cases,  when  untreated,  the  fever  is  of  a  continued 
type,  followed  by  one  or  more  intermissions  at  long  but  irregular  intervals. 

"In  this  disease,  when  artificially  produced,  the  majority  follow  the  type  before 
mentioned,  but  a  number  present  a  peculiar  series  of  symptoms,  reminding  one  of 
relapsing  fever  in  man.  But  here  again  certain  variations  are  observed.  Such  cases 
as  Nos.  20,  38,  50,  54,  however,  lend  themselves  to  description,  which  will  be  made 
clear  on  reference  to  the  charts,  and  may  be  described  as  presenting  well-marked 
stages,  viz: 

"I.  The  period  of  incubation,  or  latent  period. 
"II.  The  primary  paroxysm. 
"III.  The  intermission. 
"IV.  The  relapse. 
"V.  Death. 

"The  paroxysms,  as  in  relapsing  fever  in  man,  are  again  subdivisible  into. the 
accession,  the  pyrexial  stage,  and  the  crisis.  But  in  all  cases  of  surra  we  find  periods 
during  which  the  hematozoon  is  present,  and  others  during  which  it  is  absent. 
The  only  system,  therefore,  under  which  all  cases  can  be  grouped  is  that  having  for 
its  basis  the  presence  and  absence  of  the  organism;  the  former  we  term  the  paroxysm 
and  the  latter  the  period  of  intermission." 

THE  COAT. 


The  coat  of  affected  animals  is  described  as  staring. 
1881,  p.  2.) 


(Griffith  Evans, 
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PERSPIRATION . 

This  symptom  is  entirely  absent  during  the  whole  course  of  the 
disease,  until  just  before  death,  when,  as  a  rule,  profuse  sweating 
occurs.    (Lingard,  1893,  p.  68.) 

ERUPTION,  URTICARIA,  EDEMA. 

Referring  to  eruption  and  edema,  Lingard  (1893,  p.  64)  says. 

"Eruplitm. — In  the  majority  of  cases,  no  eruption  of  any  kind  occurs  during  the 
whole  duration  of  the  disease.  Steel,  however,  noted  in  mules  an  eruption  of  spots 
on  the  skin  of  the  muzzle,  resembling  in  its  essential  nature  those  he  had  observed 
on  the  mouth  and  nostrils.  In  the  course  of  this  investigation  we  have  observed  a 
number  of  cases  of  urticaria,  appearing  somewhat  suddenly  and,  as  a  rule,  disappear- 
ing after  a  few  hours.  The  eruption  has  been  either  general  or  localized  in  char- 
acter, and  could  be  conveniently  placed  under  several  of  the  different  classifications, 
viz:  The  affection  which  passes  away  in  a  few  hours  (  Urticaria  ephemera),  or  within 
a  few  days  ( U.  evanida),  or  the  form  which  is  either  preceded  or  accompanied  by 
fever  (  U.febrilis),  and  lastly  the  (  U.  nodosa  seu  tuberosa),  which  is  characterized  by 
the  appearance  of  nodosities  of  some  size. 

"If  we  further  examine  as  to  the  dates  on  which  the  eruption  occurred  in  the  dif- 
ferent cases,  we  find  that  in  the  naturally  contracted  ones  (horses  Nos.  65  and  73)  it 
occurred  on  the  first  day  of  the  disease,  and  was  of.  the  form  known  as  Urticaria 
evanida;  in  horse  No.  71  it  appeared  on  the  sixteenth  day,  and  was  an  Urticaria 
ephemera;  that  in  horse  No.  3,  on  the  eighteenth  day  was  an  U.  ephemera  also;  and 
in  horse  No.  72,  on  the  twenty-second  day,  U.  evanida-;  in  horse  No.  20,  which 
acquired  the  disease  by  gastric  indigestion,  it  appeared  on  the  ninth  day  of  the  disease, 
and  was  an  U.  ephemera;  in  the  horses  Nos.  22  and  6,  it  appeared  in  the  former  on  the 
eleventh  and  in  the  latter  on  the  twelfth  day  of  the  disease,  both  U.  ephemera.  And 
in  the  animals  inoculated  with  the  Hood  of  the  horses  through  the  goat:  In  No.  41 
the  eruption  appeared  in  18  hours  after  inoculation  (  U.  evanida) ,  in  No.  40  the  erup- 
tion appeared  in  68  hours  after  inoculation  (  U.  evanida),  in  No.  30  the  eruption 
appeared  in  48  hours  after  the  appearance  of  the  hematozoon  in  the  blood  (  V.  ephemera), 
in  No.  50  the  eruption  appeared  in  48  hours  after  the  appearance  of  the  hematozoon 
in  the  blood  (  U.  ephemera) ."    (Lingard,  1893,  p.  66. ) 

Consequently  it  will  be  seen  that  the  eruption  of  urticaria  may  take 
place  at  any  time  from  18  hours  after  inoculation  until  the  twenty- 
second  day  after  the  appearance  of  the  hematozoon  in  the  blood. 

"Swelling  and  edema  at  the  seat  of  inoculation  in  experimental  cases. — When  an 
animal  has  been  subcutaneously  inoculated  with  the  soiled  blood  or  other  fluids 
containing  the  'materies  morbi'  of  'surra,'  considerable  swelling,  as  a  general  rule, 
follows  at  the  seat  of  such  injection.  If  we  analyze  this  symptom  we  find  that  on 
the  day  following  the  operation  a  .small  raised,  somewhat  circular  tumor  appears, 
about  1  inch  in  diameter,  while  in  some  cases,  especially  when  the  blood  used  was 
obtained  some  hours  postmortem,  the  measurements  greatly  exceed  this,  as  in  cases 
27  and  41.  On  the  third  day  the  swelling  has  increased  in  dimensions,  and  prob- 
ably measures  from  li  to  2  inches  in  diameter;  it  now  appears  tense,  and  is  tender 
on  manipulation.  By  the  fourth  day  a  still  further  augmentation  in  size,  etc.,  has 
occurred,  and  from  this  date  until  the  appearance  of  the  hematozoon  in  the  blood 
of  the  general  circulation,  the  swelling,  tension,  and  tenderness  of  the  part  may  go 
on  steadily  increasing,  or,  as  sometimes  happens,  it  remains  stationary.  At  this 
time  it  will  be  found  that  if  the  tumor  be  firmly  grasped  by  the  hand,  one  can 
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readily  lift  it  up  from  the  subcutaneous  structure,  proving  that  it  only  involves  the 
skin.  A  point  of  great  interest  and  a  symptom  of  the  greatest  clinical  value  occurs 
at  the  time  of  the  organism  leaving  the  seat  of  the  swelling — for  the  hematozoon  has 
been  proved,  as  in  horse  No.  8,  to  be  present  in  the  fluid  of  the  tumor  3  days  after 
inoculation,  and  2  days  before  being  discovered  in  the  blood  of  the  general  circulation; 
and,  in  the  case  of  horse  No.  54,  24  hours  before  its  first  appearance  in  the  blood — 
in  that  the  raised  tumor,  which  was  previously  tense  and  so  tender  that  the  animal 
flinched  whenever  touched,  now  suddenly  becomes  soft  and  flaccid,  and  manipulation 
of  the  parts  can  be  carried  on  with  little  or  no  notice  being  taken  by  the  inoculated 
animal. 

"It  will,  therefore,  be  recognized  that  from  the  time  of  inoculation  until  the  organ- 
ism leaves  the  tumor  for  the  general  circulation,  or,  in  other  words,  during  the  latent 
period  of  inoculation,  this  disease  is  purely  a  localized  affection,  and  can  therefore 
be  treated  either  by  excision  or  by  the  injection  of  antiseptics  at  the  seat  of 
inoculation. 

"  In  1  case  only  out  of  22,  which  contracted  the  disease  by  experimental  means, 
was  the  swelling  absent  from  the  seat  of  inoculation,  but  in  this  from  first  to  last, 
during  a  period  of  9  days,  no  swelling  or  thickening  of  the  integument  could  be  felt. 
The  shortest  time  noted  in  horses  during  which  the  swelling  attained  its  maximum, 
and  commenced  to  decrease  in  size  was  96  hours,  and  the  longest  12  days,  the  aver- 
age length  of  21  cases  being  6.7  days.  Within  a  very  few  days  after  the  appearance 
of  the  hematozoon  in  the  blood,  the  tumor  has  usually  decreased  considerably  in 
size,  and  after  a  fortnight  only  a  slight  thickening  of  the  skin  can  be  noticed  on  care- 
ful examination  of  the  part."    (Lingard,  1893,  pp.  66-67.) 

According  to  the  Veterinary  Journal,  London  (1896,  p.  177),  with 
the  rise  in  temperature  there  is  usually  an  attack  of  local  or  general 
urticaria.  There  is  generally  some  edema  of  the  limbs,  about  the  fet- 
locks and  hocks,  and  beneath  the  belly,  chest,  and  sheath. 

In  a  large  proportion  of  the  cases  the  legs  are  swollen,  and  when 
pressed  with  the  fingers  they  pit.  Sooner  or  later  a  similar  swelling 
is  found  between  the  fore  legs  of  mares  or  at  the  sheath  of  horses,  and 
the  animal  is  dropsical  (Griffith  Evans,  1881,  p.  3);  (p.  4)  the  progress 
is  variable,  often  marked  by  an  increase  of  dropsical  swelling  which, 
however,  sometimes  subsides,  again  returning  worse  than  before. 
Evans  has  seen  some  cases,  in  the  last  stage,  in  which  there  was  no 
swelling,  although  it  had  been  there  before. 

Nariman  &  Vaz  (1893,  p.  404)  refer  to  an  edema  of  an  evanescent 
nature  on  the  hind  limbs,  beginning  at  the  fetlock  and  extending 
upward;  edema  of  the  sheath  and  testicles  extending  slightly  to  the 
lower  part  of  the  abdomen;  later  it  becomes  more  prominent  on  the 
hind  limbs  and  is  often  seen  on  the  fore  limbs,  while  the  edema  of 
the  abdomen  extends  to  the  chest  and  breast. 

Dropsy  is  frequent  (Steel,  1886a,  p.  169). 

SWELLING  OF  THE  SUBMAXILLARY  GLANDS. 

The  submaxillary  glands  sometimes  become  enlarged.  Griffith 
Evans  (1881,  p.  3)  says  that  in  a  small  proportion  of  the  cases  the  sub- 
maxillary glands  are  enlarged  and  tender;  in  a  few  cases  (Griffith 
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Evans,  1881,  p.  4)  the  swelling  of  the  submaxillary  glands  develops 
into  an  abscess,  with  a  gluey  mucous  discharge  from  the  nose.  No 
other  swellings  are  noticed  and  no  ulceration  6l  the  nose  nor  tubercle 
of  the  lungs. 

EMACIATION. 

According  to  Griffith  Evans  (1881,  p.  4),  the  most  constant 
invariable  symptom  in  the  progress  of  the  disease  is  the  wasting  away 
of  the  flesh;  and  this  appears  the  more  remarkable,  considering  how 
much  the  patient  eats  and  apparently  with  good  appetite.  This  wast- 
ing, or  withering  away,  goes  on  more  rapidly  in  some  cases  than  in 
others.  Several  authors  refer  to  the  patients  as  consisting  only  of 
skin  and  bones  and  as  presenting  a  most  pitiful  appearance. 

Lingard  (1893,  p.  80)  says  that  the  body  is  usually  much  emaciated, 
the  word  "surra"  implying  "rot"  or  "dry  rot;"  and  the  disease  is 
characterized  by  a  progressive  loss  of  flesh,  or  withering  of  the  tissues. 
In  some  cases,  however,  when  the  animal  is  carried  off  rapidly,  owing 
to  the  severity  of  the  fever  or  from  other  causes,  it  may  be  in  fairly 
good  condition. 

EYES. 

Lachrymation. — This  at  first  is  slight,  but  in  some  animals  rapidly 
increases  in  amount  until  it  becomes  profuse.  At  a  varying  period  in 
the  disease  there  appears  at  the  inner  canthus  a  semigelatinous  secre- 
tion, which  may  become  mucopurulent  in  character,  and  during  the 
presence  of  the  hematozoon  in  large  numbers  in  the  blood,  slight 
hemorrhages  take  place  from  the  conjunctival  membranes,  and  the 
secretion  becomes  blood-stained.  At  these  times  it  always  contains 
the  hematozoon  in  varying  numbers.    (Lingard,  1893,  p.  72.) 

Griffith  Evans  (1881,  p.  3)  remarks  that  the  eyes  are  "weeping," 
while  the  Veterinary  Journal,  London  (1896,  p.  177),  states  that  the 
eyelids  are  swollen,  and  perhaps  conjunctivitis  may  be  present. 
Lachrymation  may  be  profuse  toward  the  end  of  the  disease. 

Petechia. — If  the  eyelids  are  inverted  (Griffith  Evans,  1881,  p.  3) 
the  conjunctival  membrane  is  seen  to  be  of  a  decidedly  yellow  color, 
often  a  dirty  yellow,  with  claret-colored  spots  (petechia?)  on  the  ejTe- 
lids,  or,  as  is  most  common,  on  the  membrana  nictitans  at  the  inner 
corner  of  the  eye.  According  to  Steel  (1886a,  p.  169),  a  characteristic 
feature  of  the  disease,  and  one  which  seems  to  be  in  direct  and  close 
relations  with  the  activity  of  the  parasites  in  the  blood,  is  the  occur- 
rence of  "crops "  of  petechias,  especially  detectable  on  the  conjunctivae; 
they  seem  to  occur  when  the  parasites  have  attained  their  maximum 
activity  and  frequency,  and  when  the  temperature  begins  to  fall. 

This  is  not  the  only  disease  in  which  petechias  or  more  extensive 
extravasations  occur,  for  these  are  usually  present  in  anthrax,  so-called 
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bilious  fever,  petechial  fever,  and  other  diseases;  also  when  an  animal 
is  suffering  from  the  presence  .of  small  nematodes  in  the  general 
circulation.  In  surra  the  petechias  on  the  conjunctival  membranes 
are  specially  prone  to  invade  the  membrana  nictitans  of  the  Equidse, 
and  frequently  attain  a  large  size,  becoming  relatively  extensive 
extravasations.  They  may  precede  the  discovery  of  the  hematozoon, 
but,  as  a  rule,  are  found  shortly  after  the  first  appearance  of  the 
organism  in  the  blood,  and  commence  to  fade  immediately  when  it  dis- 
appears; and,  as  each  successive  brood  of  the  hematozoon  makes  its 
debut,  a  fresh  crop  of  petechias  appears  on  the  membranes,  and  it  often 
happens  that  a  second  series  of  petechias  is  present  before  the  first 
has  completely  faded.    (Lingard,  1893,  p.  72.) 

Later,  Lingard  (1899,  p.  26)  says  that  the  conjunctivae  are  frequently 
stained  with  yellow,  and  there  are  successive  crops  of  subconjunctival 
petechise. 

Hemorrhages  into  the  anterior  chamber  occasionally  occur,  but  the 
amount  of  blood  is  generally  small.  The  color  at  first  is  red,  and  after 
a  period  of  24  hours  or  more  the  coloring  matter  is  absorbed,  leaving 
the  extravasated  mass  either  of  a  whitish  hue  or  somewhat  yellow  in 
the  case  of  an  animal  in  which  the  membranes  are  already  tinged  that 
color.  As  a  rule,  no  absorption  of  the  extravasated  material  takes 
place,  owing  to  the  short  period  which  elapses  between  the  occurrence 
of  it  and  death.    (Lingard,  1893,  p.  72.) 

The  Veterinary  Journal,  London  (1896,  p.  177),  also  records  that 
slight  hemorrhages  occasionally  take  place  into  the  anterior  chamber 
of  the  eye,  followed  by  opacity. 

Opacity  of  the  cornea. — Complete  opacity  is  of  rare  occurrence,  but 
toward  the  termination  of  a  long  case  a  slight  milkiness  of  the  cornea 
may  be  observed,  and  is  not  at  all  infrequent.  Lingard  has,  however, 
seen  one  case  in  an  Arabian  horse,  where  complete  opacity  occurred 
a  few  days  before  death,  and  therefore  blindness  supervened.  (Lin- 
gard, 1893,  p.  72.) 

Hematozoa.— On  several  occasions  Trypanosoma  have  been  observed 
in  the  fluid  of  the  anterior  chamber  and  in  the  vitreous  humor.  (Lin- 
gard, 1893,  p.  72.) 

NOSE. 

Catarrhal  discharge. — There  are  slight  catarrhal  symptoms,  the  eyes 
weeping;  and  often  there  is  a  discharge  from  the  nose  of  mucus  more 
or  less  tinged  with  yellow  (Griffith  Evans,  1881,  p.  3).  In  later  stages 
there  may  be  gelatinous  or  purulent  discharge  from  the  eyes  and 
at  times  from  the  nostrils,  with  fullness  and  enlargement  of  the  sub- 
maxillary glands.  According  to  Lingard  (1893,  p.  73),  there  is  often 
a  slight  discharge  of  clear  fluid  from  one  or  both  nostrils  during  the 
second  week  after  invasion.    This  is  the  result  of  excessive  lachry- 
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mation,  which  appears  to  a  greater  or  less  extent  in  all  surra  animals. 
The  fluid  passes  down  the  lachrymal  duct  into  the  nostrils,  and  at  a 
later  date  a  clear  albuminous  fluid  is  noticed  running  from  one  or  both 
of  the  latter.  This  comes  from  the  nasal  passages  proper,  and  is  the 
result  of  an  inflammatory  condition  of  the  membrane  covering  the 
turbinated  bones.  This  fluid  after  a  time  becomes  mucopurulent  in 
character,  and  another  symptom  is  to  be  noticed,  namely,  snuffling- 
breathing,  which  points  to  the  situation  and  cause  of  the  discharge. 
If  one  could  examine  at  this  stage  the  mucous  membrane  covering  the 
turbinated  bones,  it  would  be  found  to  present  a  deep-red  or  purple 
color,  from  the  highly  congested  condition  of  the  capillary  vessels,  and 
to  be  considerably  increased  in  thickness.  The  Veterinary  Journal, 
London  (1896,  pp.  177-178),  also  refers  to  signs  of  catarrh,  with  a 
yellow-tinged  discharge  from  the  nostrils.  Lingard  (1899,  p.  29) 
again  refers  to  slight  mucous  discharge  from  the  nostrils  and  eyes. 

Petechia  and  injection  of  the  nasal  septum. — The  presence  of  minute 
petechias  on  the  walls  of  the  septum  nasi  is  of  very  constant  occurrence. 
The  mucous  membrane  covering  the  cartilage  is  tumefied,  and  presents 
small  red  points  from  which  minute  drops  of  blood  exude.  These 
points  appear  as  if  they  might  have  been  produced  by  punctures  of  a 
large  number  of  needles,  so  minute  are  they.  This  condition  does  not 
show  itself  until  the  animal  has  been  ill  for  some  days,  and  then  it 
might  be  easily  overlooked  without  a  certain  amount  of  care  in  obser- 
vation.   (Lingard,  1893,  p.  72.) 

Ulceration  inside  the  nostrils.— One  observer  (Steel)  mentions  the 
occasional  occurrence  in  mules  of  ulcers  on  the  Schneiderian  mem- 
brane, when  the  epithelial  debris  remains  as  a  yellow  scab  for  a  day  or 
two  and  is  then  washed  away  by  mucus.  The  earliest  appearance  of 
these  ulcers  in  the  nose  is  as  though  the  membrane  had  been  grazed 
and  blood  were  slowly  oozing.  These  ulcers  rapidly  disappear  and  the 
general  character  of  the  membrane  becomes  normal.  Lingard  has  not 
observed  these,  however,  in  the  cases  of  naturally  acquired  surra  or  in 
the  inoculated  cases.    (Lingard,  1893,  p.  72.) 

The  Veterinary  Journal,  London  (1896,  p.  177),  also  mentions  that 
ulcers  occasionally  form  on  the  Schneiderian  membrane. 

Thickening  of  the  Schneiderian  membrane. — This  condition  is  fre- 
quently met,  more  especially  at  an  advanced  stage  of  the  disease.  By 
the  entrance  of  air  into  the  nasal  passages  and  by  its  exit  therefrom, 
a  peculiar  sound  is  produced,  which  is  due  to  the  swollen  condition  of 
the  mucous  membrane  li  ning  the  cavities.  On  examination ,  a  congested 
and  arborescent  condition  of  the  vessels  is  found,  particularly  well 
marked  on  the  upper  part  of  the  nasal  septum.  (Lingard,  1893,  pp. 
72-73.) 

Episiaxds. — Lingard  (1893,  p.  73)  observed  bleeding  from  the  nose 
once  out  of  some  72  cases  of  surra.    It  occurred  toward  the  termina- 
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tion  of  the  disease.  No  great  amount  of  blood  was  lost  at  one  time,  but 
the  attacks  were  characteristically  recurrent,  occurring  principally 
during  the  early  morning. 

MOUTH  AND  TONGUE. 

When  the  disease  has  fairly  set  in,  the  tongue  and  membranes  of 
the  mouth  become  extremely  pale,  and  later  assume  a  yellow  tinge. 
Some  observers  have  noticed  small  symmetrically  arranged  ulcers  in 
pairs  on  the  tip  of  the  tongue,  and  sometimes  a  degeneration  of  the 
epithelium,  which  at  a  later  date  separates  from  the  deeper  part  of  the 
membrane,  leaving  superficial  circumscribed  ulcers.  (Lingard,  1893, 
pp.  69-70.) 

VULVA,  VAGINA,  AND  PENIS. 

If  the  labia  are  parted  it  will  be  seen  that  the  mucous  membrane  of 
the  vagina  is  decidedly  yellow,  with  petechia?  even  more  marked  than 
in  the  eye  (Griffith  Evans,  1881,  p.  3).  When  the  petechia?  are  well 
marked  on  the  vulva?  of  mares  they  are  very  suggestive  of  surra. 

According  to  Lingard  (1893,  p.  78),  serous  effusion  beneath  the  vul- 
val membranes  is  not  infrequent  in  mares,  and  Steel  observes  that 
"the  irritation  of  these  parts  is,  however,  shown  by  frequent  symp- 
toms of  'horsing.'  Indeed,  in  mares  there  is  almost  always  in  this 
disease  a  little  reddish  brown  fluid  dried  about  the  external  generative 
orifice,  which  discharge  persists  throughout  the  attack.  The  parallel 
to  this  sexual  phenomenon  of  mares  is  seen  in  male  animals,  as  frequent 
and  quite  uncalled-for  erections  of  the  penis,  which  may  be  due  to 
irritation  of  the  erection  center  in  the  cord,  but  possibly,  also,  is  asso- 
ciated with  the  formation  of  clots  in  the  erectile  structure  of  the  penis, 
which  organ  latterly  in  the  attack  remains  permanently  slightly  pro- 
truded and  turgid,  or  there  may  be  embolic  plugging  in  the  vessels." 
(Lingard,  1893,  p.  78.) 

MUCOUS  MEMBRANES. 

The  mucous  membranes  become  yellow  and  petechia?  occur  on  one 
or  the  other;  but  these  are  not  persistent,  generally  leaving  entirely 
during  the  intermittent  stage  of  the  fever.  (Vet.  J.,  Lond.,  1896, 
p.  177.)  (See  also  "Tongue,"  p.  67;  "Eyes,"  p.  64;  "Nose,"  p.  65; 
"Vulva,  vagina,  and  penis,"  p.  67.) 

EXCRETIONS  AND  SECRETIONS. 
URINE. 

Quantity. — Griffith  Evans  (1881,  p.  4)  says  that  in  some  advanced 
stages  the  urine  is  passed  more  frequently  and  appears  to  be  much 
more  in  quantity  than  normal,  while  Ranking  (1891a,  p.  399)  describes 
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the  urine  as  abundant,  and  Nariman  &  Vaz  (1893,  p.  404)  report  that 
staling  is  frequent.  According  to  Lingard  (1893,  p.  71),  the  quantity 
of  urine  in  the  early  stage  of  the  disease  does  not  appear  to  vary  to 
any  great  extent  from  that  in  health,  but  toward  the  end  more  is 
passed;  but  this  must  naturally  depend  to  a  large  extent  upon  the 
amount  of  water  taken  by  the  animal  during  the  24  hours  and  upon 
the  season  of  the  year. 

Color. — The  urine  of  the  horse  in  health  when,the  animal  is  allowed 
to  stand  after  exercise  until  cool,  is  turbid  and  yellow  in  color;  carbon- 
ates of  calcium  and  magnesium  are  precipitated.  After  inoculation 
with  surra,  the  urine  remains  turbid,  and  becomes  orange  in  color, 
and  later  of  a  dingy  green  or  greenish  yellow.  If  the  kidneys  become 
affected,  the  quantity  secreted  is  diminished,  the  density  of  the  fluid 
is  increased,  and  the  color  changed  to  that  of  cream  or  a  light-yellow 
ocher;  the  latter  color  lasts  for  a  few  days  only,  4  at  the  most,  and 
then  the  fluid  becomes  a  greenish  yellow  or  dirty  orange.  In  some 
horses  the  fluid  passed  is  very  viscid,  but  not  in  all;  however,  in  the 
case  of  mares  it  is  usually  so  from  the  first,  and  remains  so,  as  long 
as  the  urine  is  alkaline,  but  as  soon  as  the  fluid  becomes  acid,  the 
viscidity  as  a  rule  diminishes.    (Lingard,  1893,  p.  71.) 

According  to  Griffith  Evans  (1881,  p.  3)  the  urine  is  highly  colored 
(also  Nariman  &  Vaz,  1893,  p.  404),  but  may  later  become  normal. 
The  Veterinary  Journal,  London  (1896,  p.  178),  states  that  the  urine 
becomes  viscid,  dark  yellow,  orange,  or  orange  green.  In  Burma 
(George  H.  Evans,  1899,  p.  41)  the  urine  of  surra  patients  varies  a 
great  deal;  sometimes  it  is  viscid,  other  times  not;  in  color,  it  varies 
from  a  reddish  to  a  greenish  yellow. 

Bile  pigments  are  frequently  seen  (Lingard,  1893,  p.  71).  Burke 
(1891,  p.  268;  1897,  p.  191)  says  that  the  urine  contains  much  hemo- 
globin, which  is  set  free  by  the  destruction  of  the  red  blood  corpus- 
cles, and  Ranking  (1891a,  p.  399)  reports  that  in  one  fatal  case  a  pig- 
ment was  found  "which  was  no  doubt  urohematoporphyrin,"  but  no 
spectroscopic  examination  was  made.  According  to  the  Veterinary 
Journal,  London  (1896,  p.  178),  blood  is  frequently  present,  while 
George  H.  Evans  (1899,  p.  41)  says  that  blood  is  common. 

Odor. — Lingard  /1899,  p.  24),  in  referring  to  surra  among  camels, 
says  that  the  diagnosis  is  most  surely  made  from  the  smell  of  the  urine, 
which  becomes  very  offensive. 

Specific  gravity. — The  range  observed  in  the  specific  gravity  is  very 
considerable,  and  in  the  same  animal  may  differ  widely  from  day  to 
day.  In  the  case  of  horse  No.  72  it  was  as  low  as  1,004  on  the  19th 
of  October,  1892,  and  rose  to  1,034  on  the  20th,  and  to  1,046  on  the 
23d;  the  highest  registered  in  any  case  was  1,055  (horse  No.  26),  31st 
of  October,  1891.    (Lingard,  1893,  p.  71.) 

Reaction. — The  reaction  of  the  urine  of  horses  is  always  alkaline 
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in  health,  but  varies  according  to  the  food  given.  In  India  the  urine 
of  animals  fed  upon  oats  is  acid  in  reaction,  while,  on  the  contrary, 
when  supplied  with  grass  and  gram  the  reaction  is  alkaline.  When 
a  horse  is  the  subject  of  surra,  especially  in  long-protracted  cases, 
the  urine  remains  alkaline  until  some  7  or  8  days  before  death,  when 
it  is  found  to  change  and  become,  respectively,  feebly  alkaline,  at  the 
expense  of  the  carbonates  of  calcium  and  magnesium,  neutral  on  the 
following  day,  then  slightly  acid,  and  finally  strongly  acid;  and  this 
acid  condition  of  the  secretion  is  maintained  until  death  takes  place; 
in  some  cases  it  lasts  for  as  long  as  6  days.    (Lingard,  1893,  p.  71.) 

Nariman  &  Vaz  (1893,  p.  404)  give  the  reaction  as  acid  in  advanced 
stages  of  the  disease.  In  Burma  (George  H.  Evans,  1899,  p.  41)  it  is, 
as  a  rule,  alkaline,  but  toward  the  close  of  the  disease  the  reaction  is 
often  slightly  or  distinctly  acid. 

Urea. — Lingard  (1893,  p.  71)  states  that  the  quantity  of  urea  passed 
during  the  paroxysms  and  ap3Trexial  stages  is  at  present  under  inves- 
tigation. It  appears,  however,  that  the  amount  of  urea  excreted  is 
increased  to  a  considerable  extent  immediately  after  the  parasite 
appears  in  the  blood.  During  the  paroxysms  the  amount  undergoes 
a  slight  decrease,  rising  again  during  the  absence  of  the  hematozoon 
from  the  blood.  It  is  a  point  of  considerable  interest  that  the  maxi- 
mum excretion  of  urea  generally  takes  place  during  the  second  inter- 
mission, and  after  this  period  gradually  diminishes  with  perhaps  a 
slight  occasional  rise  until  the  animal  succumbs.  This  question, 
however,  requires  further  investigation,  and  is  now  being  carefully 
worked  out. 

Uric  acid. — Uric  acid  is  not  increased  in  the  horse,  but  in  the  ass 
it  has  been  found  to  be  present  previous  to  inoculation,  and  to  be 
absent  after  the  appearance  of  the  hematozoon  in  the  blood.  (Lin- 
gard, 1893,  p.  71.) 

Phosphates. — Phosphates  are  occasionally  present,  but  in  the  great 
majority  of  cases  are  absent  in  any  appreciable  amount.  (Lingard, 
1893,  p.  71.) 

Alfmmen. — This  does  not  appear  until  some  little  time  after  the  first 
appearance  of  the  hematozoon  in  the  blood,  and  then  only  in  small 
quantities,  unless  the  animal  develops  signs  of  the  kidneys  being 
specially  affected.  In  case  No.  38  the  animal  presented  well-marked 
symptoms  of  the  kidneys  having  become  involved.  On  examination 
of  the  urine,  epithelium,  blood,  and  granular  casts  were  found  daily; 
so  that  evidently  the  animal  was  the  subject  of  an  acute  desquamative 
nephritis.    (Lingard,  1893,  p.  71.) 

According  to  Banking  (1891,  p.  399),  Burke  (1891,  p.  268;  1897,  p. 
191),  and  the  Veterinary  Journal,  London  (1896,  p.  178),  the  urine  is 
frequently  or  usually  albuminous.  Nariman  &  Vaz  (1893,  p.  404)  say 
,    that  "later  on"  the  urine  is  highly  surcharged  with  albumen;  while 
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according  to  George  H.  Evans  (1899,  p.  41),  in  some  cases  of  surra  in 
Burma,  small  quantities  of  albumen  may  be  present. 

Casts. — Griffith  Evans  (1881,  p.  5)  failed  to  find  casts,  but  George 
H.  Evans  (1899,  p.  41)  reports  that  granular -looking  casts  are  common. 

Sugar. — Sugar  was  not  detected  in  a  single  case.  (Lingard,  1893, 
p.  71.) 

Parasites. — Parasites  were  not  detected  in  the  urine.  (George  H. 
Evans,  1899,  p.  41.) 

Retention  and  incontinence. — Retention  and  incontinence  have  not 
been  observed  in  horses.    (Lingard,  1893,  p.  71.) 

.   ,  FECES. 

Griffith  Evans  (1881,  p.  3)  did  not  find  the  dung  abnormal  in  any  case. 
He  was  told  by  the  salootri,  who  laid  great  emphasis  upon  it,  that  the 
dung  balls  are  sometimes  coated  with  mucus,  having  red  patches. 
"He  showed  me  one  of  these;  it  was  what  we  often  find  in  health." 
Evans  mentions,  however,  that  in  a  few  days  after  admission  on  the 
sick  list  the  dung  becomes  normal.  According  to  Lingard  (1893, 
p.  70),  the  rule  is  that  the  bowels  are  constipated,  although  diarrhea 
coming  on  late  in  the  disease  is  an  occasional  symptom.  The  stools 
retain  for  some  time  their  natural  color  and  consistency,  but  frequently 
become  lighter  than  normal.  At  a  later  period  they  are  usually 
coated  with  a  layer  of  mucus  of  a  light-brown  color,  the  dung  balls 
presenting  a  glazed  appearance,  or  at  times  they  may  be  tinged  with 
blood.  On  microscopic  examination  of  the  brown  mucus  it  is  found  to 
contain  epithelium  and  a  large  number  of  colorless  octohedral  or  poly- 
hedral crystals.  Toward  the  termination  of  a  case,  occasionally  the 
dung  becomes  semisolid  or  pultaceous  in  consistency,  and  then  emits 
a  very  foul  odor. 

Nariman  &  Vaz  (1893,  p.  405)  refer  to  the  feces  in  later  stages  as 
being  "  stinking  and  soft,"  and  the  Veterinary  Journal,  London  (1896, 
p.  177),  says  that  feces  rule,  normal  throughout  the  attack,  but 

occasionally  there  are  signs  of  constipation,  and  at  the  termination 
of  the  disease  there  may  be  diarrhea. 

In  Burma,  constipation  is  the  rule,  diarrhea  the  exception;  dung  is 
at  first  natural;  later  it  is  of  a  light-brown  color,  and  toward  the  end 
of  the  disease  it  is  frequently  pultaceous  and  possesses  a  foul  odor 
(George  H.  Evans,  1899,  p.  41). 

ACTION  AND  PABALYSI8. 

According  to  Griffith  Evans  (1881,  p.  2)  the  action  is  sluggish,  occa- 
sionally with  stumbling  on  the  fore  legs  or  dragging  the  hind  legs  on 
the  ground.  Burke  (1891,  p.  269;  1897,  p.  191)  says  there  is  both  an 
acute  and  a  chronic  form  of  paralysis — stringhalt,  muscular  tremors, 
crossing  of  legs,  etc. ;  (1891,  p.  271)  in  some  cases  of  paralysis  of  the 
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hind  quarters,  or  other  well-marked  nervous  symptoms,  the  gray  matter 
of  the  cord  generally  shows  blood  extravasations  and  staining  of  the 
nerve  cells,  but  beyond  a  tendency  to  congestion  and  occasional  blood 
extravasation  no  lesions  are  usually  discovered  in  the  nervous  system; 
(1897,  p.  191)  the  symptoms  described  (stringhalt,  muscular  tremors, 
crossing  of  the  legs)  are  due  to  some  effusion  of  blood  on  the  spinal 
cord  or  on  particular  nerves.  Dragging  of  the  hind  toes  is  the  result 
of  muscular  paralysis. 

According  to  Nariman  &  Vaz  (1893,  pp.  404, 405)  there  is  a  dragging 
of  the  hind  limbs  and  flinching  on  the  slightest  pressure  over  the  loins; 
the  animal  begins  to  roll,  is  very  unsteady  in  his  gait,  and  prefers  to  lie 
down;  soon  the  belly  is  tucked  up;  there  is  inability  to  rise;  constant 
shivering  followed  by  jugular  pulsations,  groaning,  and  death. 

The  Veterinary  Journal,  London  (1896,  p.  181),  states  that  there  is 
occasionally  a  considerable  increase  of  fluid  on  the  spinal  cord  about 
the  lumbar  region,  which  would  probably  account  for  the  symptoms 
of  paralysis  sometimes  present. 

APPETITE  AND  THIRST. 

Griffith  Evans  (1881,  p.  2)  describes  the  thirst  as  more  or  less  abnor- 
mal, the  appetite  as  capricious;  (p.  3)  later,  the  animal  may  refuse  food, 
and  there  is  great  thirst.  According  to  Steel  (1886a,  p.  169),  in  some 
cases  the  animals  at  last  drop  down  and  die  suddenly,  perhaps  when 
they  are  eating  and  enjoying  their  food;  in  other  cases  they  linger  for 
days  after  they  are  down,  too  weak  to  rise,  or  too  weak  to  stand  after 
they  are  helped  up;  they  may  go  on  eating  all  the  grass  they  get  and 
much  of  the  grain,  until  they  die;  it  is  remarkable  how  the  animal  in  a 
state  of  semicoma  will  continue  to  eat  grass  almost  without  ceasing. 
Exceptions  to  this  rule  occur,  for  Lingard  (1899,  p.  61)  examined  an  out- 
break in  which  the  most  marked  symptoms  were  loss  of  appetite,  fever, 
emaciation,  etc.  Burke  (1891,  p.  269)  says  the  appetite  is  greedy,  or 
even  voracious  (1897,  p.  191),  but  the  debility  appears  progressive;  the 
animal  may  continue  to  feed  to  the  last.  According  to  Nariman  &  Vaz 
(1893,  p.  404),  the  appetite  and  thirst  are  hardly  affected,  but  in  many 
cases  are  abnormal.  Later  the  appetite  may  be  poor,  the  animal  eat- 
ing only  a  little  lucern  and  grain;  the  thirst,  however,  is  very  great 
and  there  is  profuse  staling.  The  Veterinary  Journal,  London  (1896, 
p.  177),  says'  that  the  animals  lose  strength  and  condition,  but  the 
appetite  remains  good,  except  when  the  fever  is  very  high,  and  even 
then  green  forage  is  eaten  freely.  The  animals  suffer  greatly  from 
thirst,  and  advantage  is  taken  of  this  in  administering  medicine. 
Burke  (1897,  p.  191)  states  that  the  appetite  is  as  good  as  in  health. 
Lingard  (1899,  p.  60;  1900,  p.  341)  says  that  the  appetite  is  ravenous. 
While  in  the  horse  the  desire  for  food  (also  1893,  p.  70)  usually  ceases 
with  supervention  of  fever,  this  disease  is  an  extraordinary  exception 
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to  the  rule.  In  most  cases,  from  the  very  onset  of  the  disease  until 
death,  which  may  occur  weeks  or  even  months  later,  the  animal  may 
never  cease  to  eat  all  the  food  placed  before  it,  and  in  numerous  cases 
under  Lingard's  observation  the  bedding  was  devoured  during  the 
night,  the  temperature  at  that  time  registering  41.2°  C.  (106.1°  F.)  or 
even  as  high  as  42°  C.  (107.6°  F.). 

GURGLING. 

From  a  very  early  period  gurgling  is  present.  In  fact,  it  would  not 
be  overstepping  the  truth  to  say  that  this  is  a  marked  symptom  in 
every  case  of  this  disease.  It  is  frequently  so  pronounced  as  to  be 
audible  at  some  distance  from  the  animal.    (Lingard,  1893,  p.  70.) 

METEORISM,  OR  TYMPANITIS. 

Meteorism  is  an  occasional  symptom  which  at  times  becomes  suffi- 
ciently severe  to  require  special  treatment,  but  a  brisk  saline  purga- 
tive is  usually  found  to  give  great  relief,  though  in  some  instances  the 
symptom  persists  in  spite  of  treatment.    (Lingard,  1893,  p.  70.) 

RESPIRATION  AND  BREATH. 

The  respiratory  movements  are  usually  quickened  from  the  first, 
sometimes  out  of  all  proportion  to  the  pulse,  so  that  they  reach  60 
to  65  in  the  minute,  quite  independent  of  any  pulmonary  complica- 
tion. The  respirations  frequently  appear  to  be  entirely  abdominal, 
and  in  these  cases  the  ribs  are  not  seen  to  move  at  all.  It  has  fre- 
quently been  noted  that  animals  present  a  peculiar  form  of  breathing 
when  otherwise  they  appear  fairly  well,  namely,  eight  or  nine  shallow 
respirations  are  immediately  followed  by  a  deep  sonorous  one,  and  this 
condition  may  last  for  several  hours.  Cheyne-Stokes  a  respiration  was 
noted  in  one  animal  (No.  37)  shortly  before  death.  In  this  case  the 
animal  had,  during  the  last  few  weeks  of  its  life,  suffered  from  severe 
kidney  complications.    (Lingard,  1893,  p.  69.) 

During  the  greater  part  of  the  period  the  disease  lasts  the  breath  is 
free  from  odor,  but  in  the  majority  of  cases,  toward  its  last  phases; 
it  becomes  very  fetid,  and  in  cases  complicated  with  ozena;  the  mere 
name  of  ozena  is  sufficient  to  describe  the  offensiveness  of  the  dis- 
charge.   (Lingard,  1893,  p.  69.) 

According  to  Griffith  Evans  (1881,  p.  3)  the  breath  sometimes  smells 
bad.  Nariman  &  Vaz  (1893,  p.  404)  state  that  respiration  is  quick 
and  there  is  much  panting  on  the  slightest  exertion,  the  latter  symptom 

aA  peculiar  type  of  breathing  in  which  there  is  a  rhythmic  increase  of  the  respira- 
tions up  to  a  certain  degree  of  rapidity,  then  gradually  decreasing  again  to  temporary 
cessation.  This  pause  may  be  as  long  as  half  a  minute.  This  form  of  respiration  is 
most  commonly  seen  in  the  late  stages  of  tuberculous  meningitis,  but  it  may  also  be 
noted  in  apoplexy,  fatty  degeneration  of  the  heart,  and  nephritis  with  uremia. 
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being  well  marked  and  often  the  first  symptom  to  attract  the  owner's 
notice;  they  also  refer  (p.  405)  to  the  breath  as  fetid  in  advanced  stages 
of  the  disease.  The  Veterinary  Journal,  London  (1896,  p.  178),  says 
that  the  respirations  are  usually  proportionate  to  the  amount  of  the 
fever,  but  there  is  seldom  much  distress,  although  the  lungs  are  occa- 
sionally found  more  or  less  affected,  and  toward  the  end  the  breath 
becomes  very  fetid.  (For  a  clinical  chart  of  the  respiration,  according 
to  Lingard  (1893),  the  reader  is  referred  to  page  76,  under  "Tempera- 
ture," p.  74.) 

HEART  ACTION  AND  PULSE. 

Griffith  Evans  (1881,  p.  3)  speaks  of  the  pulse  as  being  elevated,  but 
a  few  days  after  admission  to  the  hospital  it  lowers;  (p.  4)  in  the  last 
stages  of  the  disease  there  is  much  anemic  palpitation  of  the  heart  and 
the  sound  may  be  heard  a  little  distance  off. 

Lingard  (1893,  pp.  68-69),  in  discussing  the  pulse  and  heart  action, 
says: 

"  The  pulse. — This  is  accelerated;  it  ranges  between  30  and  90,  and  may  reach  120 
just  before  death,  but  varies  considerably  in  the  different  types  of  cases  recognized 
in  this  disease,  not  only  in  frequency  but  in  rhythm  and  force.  At  the  commence- 
ment the  pulse  increases  in  frequency  upon  the  first  rise  of  temperature,  and  con- 
tinues to  do  so  as  long  as  the  temperature  becomes  elevated  during  the  latent  period 
of  the  disease.  On  the  appearance  of  the  organism  in  the  blood  the  pulse  may  fall 
somewhat,  but  again  rises  and  remains  so  during  the  paroxysm  of  fever  until  the 
first  apyrexial  period,  when  it  again  falls  to  normal  or  thereabouts.  A  repetition  of 
the  above  is  observed  in  each  fever  and  fever-free  period  until  toward  the  termina- 
tion of  the  case  by  death,  when  the  pulse  increases  in  frequency,  and  at  the  time  of 
death  may  attain  120  beats  to  the  minute,  or  even  more.  It  will  be  of  interest  to 
examine  the  charts  of  horses  Nos.  472  and  356  as  examples  of  a  point  brought  out 
by  Steel,  that  'Ihe  tracing  from  the  number  of  pulse  beats  resembles  that  from 
thermometer  readings.'  In  nearly  every  case  of  surra,  at  one  period  or  another,  and 
usually  during  one  of  fever,  the  pulse  presents  unmistakable  signs  of  irregularity  or 
intermission.  I  have  noticed  from  one  complete  intermission  in  twelve  beats  down 
to  as  many  as  one  in  four;  but  in  most  instances  a  few  hours  later,  or  on  the  following 
day,  no  trace  of  irregularity  existed.  During  a  period  of  fever  the  pulse  may  vary 
considerably  in  frequency,  according  to  the  elevation  of  the  temperature,  with  or 
without  intermissions.  The  blood  vessel  during  this  time  feels  round  and  dilated 
with  a  moderate  tension,  the  access  of  the  pulsation  is  sudden  and  of  short  duration 
and  its  subsidence  abrupt,  but  is  fairly  easy  of  compression  between  the  beats,  the 
walls  of  the  vessel  feeling  smooth  and  elastic.  But  a  marked  change  appears  during 
an  apyrexial  period,  the  frequency  is  diminished  or  normal;  in  many  instances  there 
is  some  irregularity,  or  the  pulse  intermits;  the  beat  is  weak  and  thready,  the  access 
being  gradual,  its  duration  long  and  the  subsidence  slow,  and  the  vessel  feels  flat,  or, 
at  the  most,  only  half  distended  with  blood. 

"When  the  disease  has  been  running  on  for  a  variable  period,  there  comes  a  time, 
only  a  few  days  before  death,  when  continued  fever,  usually  accompanied  by  daily 
remissions,  takes  the  place  of  the  former  type.  During  this  period  the  pulse  is 
increased  in  frequency,  65  to  72  beats  per  minute,  regular,  but  bounding,  forcible  and 
large,  reminding  one  of  the  force  of  the  pulse  of  aortic  regurgitations,  but  in  surra  the 
impulse  is  not  visible  hvthe  carotids  or  in  the  superficial  arteries.  ^  At  the  time  of 
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death  the  frequency  of  the  pulse  is  greatly  increased  and  may  attain  120  or  more 
beats  per  minute. 

"Action  of  the  heart. — As  a  rule  there  is  nothing  noticeable  with  regard  to  this 
organ  until  the  disease  is  fairly  advanced,  when,  after  repeated  attacks  of  fever,  with 
the  accompanying  organisms  in  the  blood,  the  animal  becomes  more  and  more  dull 
and  dejected  in  appearance.  There  is  breathlessness  on  exertion,  very  often  sleep- 
lessness and  inability  to  lie  down,  together  with  an  incapacity  for  a  sustained  exer- 
tion. The  heart's  action  then  becomes  exceedingly  irritable,  and  at  a  later  date, 
when  the  bounding  pulse  appears  as  a  result  of  the  condition  of  the  organ,  its  action 
becomes  violent  and  tumultuous,  so  that  not  only  is  the  animal  swayed  backward  and 
forward  by  it,  but  bystanders  are  able  to  hear  the  sounds  at  a  distance  of  a  few  feet. 
At  this  time  also  jugular  regurgitation  is  observed,  and  distention  of  the  superficial 
veins  of  the  body,  particularly  those  of  the  head  and  the  large  external  or  sub- 
cutaneous thoracic  vein,  running  from  the  flank  toward  the  olecranon  region." 

For  a  clinical  chart  of  the  pulse,  after  Lingard  (1893),  see  chart 
under  "Temperature." 

Nariman  &  Vaz  (1893,  p.  404)  describe  the  pulse  as  frequent  and 
soft.  Later  it  becomes  soft  and  irregular,  often  accompanied  with 
palpitation  of  the  heart.  According  to  the  Veterinary.  Journal,  London 
(1896,  p.  179),  the  heart  action  becomes  irritable  and  (if  the  case  is  near- 
ing  a  fatal  termination)  weak,  with  frequent  and  often  distressful  anemic 
palpitation. 

TEMPERATURE. 

Surra  is  characterized  by  an  intermittent,  remittent,  and  sometimes 
a  relapsing  type  of  fever,  which  continues  for  varying  periods,  from 
a  day  to  months,  according  to  the  species  and  the  animals  attacked 
(Lingard,  1893,  p.  1).  In  discussing  the  temperature  more  in  detail 
Lingard  (1893,  pp.  67-68)  says: 

"In  the  following,  for  the  sake  of  description,  the  peculiarities  met  with  in  the 
temperature  will  be  dealt  with — 
"(I)  During  the  latent  period. 

"(II)  From  the  discovery  of  the  hematozoon  in  the  blood  until  death. 

"(I)  Temperature  during  the  latent  period. — Unfortunately  we  have  no  records 
dealing  with  the  temperature  of  animals  during  the  incubative  period  in  naturally 
contracted  cases  of  surra.  We  can,  however,  easily  conceive  the  reason  for  this 
want,  knowing,  as  we  do,  the  insidious  nature  of  the  onset  of  the  disease  and  the 
difficulty  there  is  in  deciding  when  any  particular  animal  was  exposed  to  the  con- 
tagion. By  experimental  means,  however,  we  are  enabled  to  obtain  an  insight  into 
this  question,  and  on  studying  the  charts  presented  with  the  following  cases  it  will 
be  found  that  the  thermometric  records  present  considerable  variations,  in  that 
several  different  types  of  temperature  curves  will  be  observed  during  the  above- 
mentioned  period. 

"In  one  set  of  cases  the  temperature  remains  low  for  a  few  days  and  then  com- 
mences to  rise,  the  morning  and  evening  reading  being  about  half  a  degree  Centigrade 
higher  than  that  of  the  day  preceding,  but  there  being  a  temporary  arrest  or 
remission  of  1.5°  to  2°  C.  in  the  morning. 

"In  a  second  series  of  cases  the  curve  delineated  by  the  temperature  readings 
presents  for  a  varying  period  a  diurnal  variation,  in  some  cases  showing  well-marked 
intermissions,  in  others  hardly  amounting  to  a  remission;  and  these  are  followed  by 
a  sudden  rise  of  temperature  in  a  few  just  previous  to  or,  ih  the  majority  of  cases, 
subsequent  to  the  appearance  of  the  organism  in  the  blood. 
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"  In  a  third  series  the  thermometer  registers  a  normal  or  even  subnormal  tempera- 
ture from  the  time  of  inoculation  until  the  appearance  of  the  organism  in  the  blood, 
and  this  condition  has  occasionally  been  observed  to  persist  after  the  discovery  of  the 
hematozoon. 

"  In  a  fourth  series  the  temperature  commences  to  rise  either  gradually  or  sud- 
denly after  inoculation,  and  attains  a  maximum  varying  from  39.2°  to  41.2°  C. ,  which 
it  maintains  for  a  brief  period.  It  then  falls  quickly  or  gradually  to  a  normal  or  a 
subnormal  minimum,  either  at  the  same  time  or  just  previous  to  the  first  appearance 
of  the  hematozoon  in  the  gluteal  circulation. 

"  (II)  The  temperature  from  the  discovery  of  the  hematozoon  in  the  blood  until  death. — 
The  type  of  fever  appears  to  vary  in  different  outbreaks  of  surra,  changing  accord- 
ing to  the  locality  in  which  it  occurs  and  the  animal  affected.  In  Burmah,  Steel 
described  the  fever  in  mules  as  being  of  a  relapsing  type,  and  there  is  no  doubt  that 
the  charts  recorded  in  two  cases  of  the  naturally  contracted  disease  bear  out  his 
opinion. 

"In  the  cases  which  have  come  under  our  observation  animals  suffering  from  the 
naturally  contracted  and  inoculated  disease  present  at  least  two  varieties  of  types: 

"  (1)  A  continued  fever  accompanied  at  tolerably  frequent  intervals  by  remissions 
more  or  less  marked,  and  after  a  varying  period  of  days  by  an  intermission  of  longer 
or  shorter  duration.  These  changes  may  be  repeated  several  times  in  the  course  of 
the  disease.  JVhen,  however,  it  arrives  at  its  last  stage  the  thermometer  reveals  a 
continued  high  temperature  of  a  remittent  type,  or  one  characterized  by  morning 
remissions,  and  evening  exacerbations  until  death. 

"(2)  A  second  and  much  rarer  form  is  one  which  may  be  conveniently  divided 
into  three  stages.  In  the  first  a  continuous  fever,  accompanied  by  remissions,  is 
present  for  some  days.  This  is  followed  by  a  succession  of  periods  lasting  two  to  five 
days,  each  individual  period  being  made  up  of  a  gradual  or  more  sudden  rise  from 
the  normal  to  40°  or  41°  C,  or  even  higher,  when  it  attains  a  maximum,  and  after  a 
short  time  is  followed  by  an  abatement  of  the  fever,  indicated  by  a  sudden  fall  in 
temperature  from  2°  to  4°  C,  which  may  become  normal  or  subnormal,  and  on 
such  occasions  this  is  succeeded  by  a  period  of  apyrexia.  In  the  third  stage  the 
fever  may  again  take  on  a  continued  type,  which  is  not  always  continuous,  but 
remains  high  and  oscillates  freely  until  death. 

"(3)  Cases  may  be  rapidly  fatal  with  the  temperature  remaining  subnormal  during 
the  whole  course  of  the  disease.  Vide  cases  Nos.  32  (  35.4°  to  38°  C),  30  (  35.7°  to 
38.8°  C.  just  before  death),  41  (35°  to  37.6°  C),  27  (normal  and  subnormal,  never 
over  38.7°  0.). 

"  In  some  instances  there  may  be  a  sudden  rise  in  temperature  just  before  death, 
but  in  the  majority  of  cases  there  is  a  fall.  In  30  cases  under  our  observation  death 
was  followed  in  18  by  a  fall  in  the  temperature  varying  between  0.5°  and  3°C,  in  10 
by  a  rise  varying  between  0.5°  and  4°  C,  and  in  2  neither  rise  nor  fall  took  place." 

Burke  (1888a,  p.  2),  in  referring  to  fever,  says  that  its  periodicity  is 
perhaps  the  most  characteristic  feature,  but  it  is  after  all  an  uncertain 
guide. 

The  temperature  does  not  often  rise  above  104°  F.  (110°  F.,  Steel, 
1886a),  and  may  fall  as  low  as  97°.  The  highest  temperature  may  be 
followed  by  a  gradual  fall  and  may  rise  again  gradually,  until  after  an 
interval  of  5  or  6  days,  the  maximum  is  reached,  then  there  is  a  fall,  or 
there  may  be  diurnal  exacerbations,  recalling  the  temperature  chart 
of  malaria  in  man.  Burke  (1897,  p.  191)  remarks  that  in  some  cases 
"the  symptomatic  course  of  the  disease  is  very  clearly  and  definitely 
19505— No.  42—02  6 
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marked,  the  first  thing,  of  course,  being  the  recurring  elevation  of 
temperature  which  is  so  cleai'ly  observed  in  the  human  subject." 
Pease  (1897,  p.  555),  on  the  other  hand,  remarks  that  while  Plas- 
modium malarice  causes  a  distinct  intermittent  fever,  Trypanosoma 
does  not,  and  there  is  no  regularity  in  the  course.  In  malaria  the 
stadia  are  short  and  sharp,  lasting  but  a  few  hours,  while  the  fever 
of  surra  lasts  for  days,  and  for  extremely  irregular  periods  of  time  in 
the  course  of  the  same  case.  Nariman  &  Vaz  (1893,  p.  404)  speak  of  the 
high  fever  which  is  periodical,  the  exacerbations  lasting  from  5  to  7 
days,  while  the  intervals  are  little  shorter.  In  exceptionally  severe 
cases  the  exacerbations  run  to  even  10  days,  while  in  mild  cases  they 
ma}T  not  be  more  than  3  days  in  duration.  Further,  it  is  only  during 
the  febrile  periods  that  the  other  symptoms  are  marked,  but  between 
times  the  animals  are  dull  and  drowsy. 

A  few  da}'s  after  admission  to  the  hospital  the  activity  of  the  fever 
subsides,  pulse  lowers,  and  temperature  becomes  normal. 

According  to  Lingard  (1899),  the  following  variations  in  the  tem- 
perature of  healthy  animals  were  observed  at  the  Imperial  Bacterio- 
logical Laboratory  in  India: 


Animal. 


Horse  .. 
Donkey 

Ox  

Sheep  .. 
Goat... 
Dog  


Centigrade. 


87.2to38.3 
36.8  to  36.6 

37. 7  to  38. 3 
39. 4  to  40 

38. 8  to  40. 2 
37    to  39. 8 


Fahrenheit. 


99    to  101 
96.4  to  97.8 
100    to  101 
103    to  104. 7 
101. 8  to  104. 3 
98.6  to  103.6 


Animal. 


Cat  

Rabbit  

Guinea  pig 

Fowl  

Pigeon  


Centigrade. 


37  to  38.6 
38.8  to  39.8 
38. 4  to  39. 4 
41  to  42. 6 
41    to  43 


Fahrenheit. 


98. 6  to  101. 5 
101.8  to  103.6 
101.1  to  103 
106. 8  to  108. 7 
105. 8  to  109.4 


For  horses  suffering  from  surra  Griffith  Evans  (1881,1882)  gives  a 
number  of  tables  of  temperature  and  pulse. 

Lingard  (1893)  gives  numerous  charts  of  temperature,  pulse,  res- 
piration, and  hematozoa,  from  which  plates  IX  to  XV  are  reproduced 
for  this  report. 

Two  further  temperature  charts  are  here  added,  based  upon  the 
observations  of  still  a  third  observer,  Pease  (1897,  pp.  562,  564). 

For  comparison  with  these  charts  of  the  horse,  the  following  ob- 
servations on  a  mule,  by  Steel  (1886a,  pp.  171-172),  may  be  noted: 

"In  the  mule  there  are  certain  peculiarities  of  different  cases  worthy  of  note:  A. 
Mule  No.  13. — Experimentally  I  obtained  the  most  typical  chart  from  a  case  induced 
by  the  administration  of  mixed  blood  (containing  spirilloids)  and  water  as  a  drink 
to  a  thickset  mule  in  good  condition.    The  effects  were  as  follows: 

"(a)  An  evanescent  rise  in  temperature  of  nearly  2°  on  the  evening  of  experi- 
ment. 

"(b)  An  incubation  of  6  days. 

"  (c)  On  sixth  day  after  inoculation  the  invasion  rise  began;  it  was  5°  the  first  day, 
one-half  degree  in  2  successive  days  (eighth  and  ninth)  to  105°,  a  fall  of  2°  on  tenth 
day,  of  over  3°  to  the  normal  on  eleventh  day.    No  appreciable  rebound. 
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"(d)  First  fever-free  internal  of  two  days  (twelfth  and  thirteenth). 

"(e)  First  relapse.  A  rise  through  3.5°  first  day,  1°  second  day,  2°  third  day,  to  a 
maximum  of  106.5°  F.  A  fall  through  4°  on  first  day  and  2.5°  on  second  day  to  the 
normal. 

"  (f)  Second  fever-free  interval  of  2  days. 

"(g)  Third  relapse.  Rise  through  1.5°  first  aay,  one-half  degree  second  day,  one-half 
degree  third  day,  to  102.5°.  The  reading  remains  here  for  fourth  day,  and  then  on 
fifth  day  falls  to  normal,  and  on  sixth  day  below  normal. 

"(h)  A  alight  rebound  on  seventh  day,  then  fall  to  below  normal. 

"  (i)  Two  days  interval,  below  normal. 

"(j)  Fourth  relapse.  Rise  through  1°  on  first  and  3°  on  second  day  to  103°,  a  fall  of 
2°  daily  to  normal  on  second  day. 

"  (k)  The  temperature  remains  normal  1  day  (thirty-fourth  after  inoculation). 

"  (/)  The  next  9  days  are  occupied  by  three  acute  rises  to  103°,  104°,  and  104°,  re- 
spectively, separated  by  two  imperfect  falls  to  100°  on  third  day  and  to  101°  on  fifth 
day.    On  the  ninth  of  these  days  the  reading  is  a  little  below  the  normal. 

"  (m)  It  remains  so  1  day. 

"(n)  The  next  6  days  occupied  by  three  rises  and  three  falls  on  alternate  days 
(104/100),  (102/101),  (102/99). 

"  (o)  The  temperature  remains  about  normal  2  days,  then  rises  2  days  through  103° 
to  103.5°,  falls  to  101°,  rises  to  102°,  falls  to  99.5°,  rises  to  105.5°.  Then  falls  in  2 
days  (through  101°)  to  99°. 

"  (p)  It  rises  to  101°  next  day,  remains  so  1  more  day,  then  up  to  103°,  down  to 
101°,  up  to  105°.    Then  a  marked  fall  to  98.5°. 

"  (q)  Rise  to  99°;  rise  to  105°;  fall  to  100.5°;  remains  so  for  2  days. 

"  (r)  Rise  to  105°. .  Then  fall  for  3  days  (102°— 99°— to  98°);  remains  so  1  day. 

"(s)  Rise  to  104°;  fall  to  101°;  remains  so  1  day. 

"Observation  ceases  after  83  days  from  rise.  The  deductions  to  be  made  from  this 
prolonged  record  are  that  after  an  incubation  of  6  days  three  fever  phases  can  be 
observed,  each  consisting  of  a  rise  for  3  days  and  a  fall  for  2  days,  and  these  are 
separated  from  each  other  by  intervals  of  2  days,  during  which  the  temperature 
regains  the  normal.  Then  occur  less  regular  rises,  variable  in  degree,  and  separated 
by  depressions  variable  in  degree,  but  seldom  below  the  normal  until  toward  the  last. 
There  is  a  tendency  of  the  rises  to  group  in  threes.  The  parasites  were  in  this  case 
most  often  found  at  the  periods  of  most  fever.  It  is  hardly  practicable  to  determine 
the  number  of  relapses  here.  The  case  was  77  days  under  observation  after  the  first 
rise  of  temperature." 

PATHOLOGY. 

Postmortem  examination  does  not  reveal  any  structural  disease 
(Griffith  Evans,  1881,  p.  6).  No  structural  changes  were  noticed  in 
the  kidneys,  liver,  spleen,  heart,  lungs,  and  mucous  membrane  of  the 
stomach  and  intestines.  According  to  Lingard  (1893,  p.  2),  there  is 
no  specific  lesion  present;  (p.  80)  the  most  important  element  is  the 
presence  of  actively  moving  parasites  in  the  blood. 

RIGOR  MORTIS. 

Rigor  mortis  is  normal,  and  carcasses  of  animals  which  have  died  of 
surra  present  a  dreadfully  emaciated  appearance,  seeming  to  be  com- 
posed of  only  skin  and  bones  (George  H.  Evans,  1899.  p.  38). 
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ANEMIA. 

According  to  Griffith  Evans  (1881,  p.  3),  the  membranes  are  blanched. 
Burke  (1888a,  p.  3)  says  there  is  marked  anemia  and  leucocytosis;  (p.  8) 
extreme  pallidity  of  all  the  tissues,  with  perhaps  a  trifling  serous 
effusion  into  the  abdomen.  Later  (1891,  p.  270;  1897,  p.  188)  he  states 
that  very  often  there  is  an  acute  dropsy,  with  no  other  postmortem 
lesions  save  extreme  anemia  and  yellow  staining  of  the  tissues,  due  to 
fatty  degeneration. 

SEROUS  EFFUSIONS. 

According  to  Griffith  Evans  (1881,  p.  6),  there  is  more  or  less  clear 
serum  effused  into  the  peritoneal  cavity  in  all  cases,  with  a  slight  coating 
of  lymph  upon  the  parietal  layer,  but  there  is  no  sign  of  any  inflamma- 
tory action;  it  is  a  simple  exudation.  There  is  no  abnormal  effusion 
in  the  pleural  cavity,  but  in  one  case  the  pericardial  sac  was  greatly 
distended  with  fluid.  According  to  George  H.  Evans  (1899,  p.  38), 
there  may  be  an  excess  of  fluid  in  the  abdominal  and  thoracic  cavities, 
also  in  the  pericardial  sac. 

PETECHLE. 

Griffith  Evans  (1881,  pp.  6-7)  says  that  in  some  cases  petechias  were 
found  on  the  mucous  lining  of  the  intestine  similar  to  those  pn  the  vagina 
and  eyelids.  According  to  Steel  (1886a,  p.  169),  the  petechias  seem  to 
appear  when  the  temperature  curve  begins  to  fall  and  the  parasites 
have  attained  their  maximum  activit}^  and  frequency.  The  skin  occa- 
sionally, and  the  mucous  membranes  of  the  mouth  and  nostrils  fre- 
quently, are  the  seat  of  petechias  and  of  very  limited  degenerations  from 
malnutrition,  probably  the  result  of  plugging  of  their  small  nutrient 
vessels.  We  see  this  plugging  on  a  much  larger  scale  bringing  about 
a  defective  supply  of  blood  to  the  limbs,  especially  the  hind  ones,  for 
antemortem  clots  ave  frequent  in  this  disorder,  and  may  prove  the 
immediate  cause  of  death.  The  Veterinary  Journal,  London  (1896, 
p.  181),  reports  petechias  on  the  kidneys.  Hayes  (1898,  p.  481)  says 
there  are  petechias  on  various  internal  organs. 

JAUNDICE. 

According  to  Griffith  Evans  (1881,  p.  4),  the  yellowness  of  the  mucous 
membranes,  or  jaundice,  and  the  petechias  remain  throughout,  though 
they  are  variable  in  intensity. 

Lingard  (1893,  p.  70)  says  that  tingeing  of  the  membranes  is  a  very 
constant  symptom  in  every  case  at  one  period  or  another.  It  some- 
times is  a  very  early  one,  and  at  others  does  not  make  its  appearance 
until  well  on  in  the  disease.  It  may  be  evanescent  in  character,  appear- 
ing with  each  paroxysm  and  gradually  fading  during  the  intermission, 
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until  the  membranes  become  perfectly  free  and  pallid,  only  to  return 
with  each  exacerbation  of  the  fever.  In  a  second  series  of  cases  the 
color  is  intense  and  persists  until  death,  when  the  tissues  of  the  body 
will  be  found  to  present  a  deep  crude  gamboge  color.  Even  when 
there  is  little  or  no  tingeing  of  the  mucous  membranes  at  the  time  of 
death  the  gelatinous  exudation  found  so  constantly  in  this  disease  is 
always  more  or  less  tinged  from  a  light  yellow  to  a  deep  orange  color, 
and  the  material  surrounding  the  base  of  the  heart  may  be  specially 
mentioned  as  being  one  of  the  most  certain  localities  in  which  to  observe 
it.  Nariman  &  Vaz  (1893,  p.  404)  say  there  is  a  well-marked  jaundice 
denoted  by  the  yellowness  of  the  membranes. 

FATTY  CHANGES. 

Burke  (1888a,  p.  3)  states  that  there  is  fatty  degeneration  of  the 
muscles,  liver,  spleen,  kidneys,  and  other  organs.  Later  (1891,  p.  270; 
1897,  p.  188)  he  says  that  there  is  a  large  deposit  of  fat  all  over  the 
body,  especially  noticeable  under  the  skin.  This  gives  the  tissues  a 
peculiar,  jaundiced  appearance,  which  is  shown  under  the  microscope 
to  be  due  to  the  deposition  of  fat  globules. 

ORGANS  AND  TISSUES. 
MUCOUS  MEMBRANES. 

According  to  Griffith  Evans  (1881,  pp.  6-7),  the  mucous  membranes 
everywhere  are  more  or  less  tinged  with  yellow,  and  often  the  sub- 
peritoneal connective  tissue  is  yellow  also.  According  to  Hayes 
(1898,  p.  481),  the  mucous  membranes  and  other  tissues  are  frequently 
tinged  yellow  with  coloring  matter  of  the  bile.  (See  also  ' '  Eyes," 
p.  64;  "Nose,"  p.  65;  "Mouth,"  p.  67;  "Vulva,"  p.  67;  "Stomach," 
p.  84;  "Intestines,"  p.  85.) 

HEART  AND  BLOOD  VESSELS. 

Steel  (1886a,  p.  171)  records  fatty  changes  in  the  heart.  He  also  refers 
to  "green  gelatinous  extravasations  between  the  muscles  of  the  thighs; 
greenish  white  blood  clots  in  the  larger  blood  vessels  (a  short  time 
after  death);  antemortem  clots,  especially  in  the  large  blood  vessels 
of  the  hind  limbs." 

Lingard  (1893,  pp.  82-83)  gives  the  following  lesions  for  the  heart: 

"The  cavity  of  the  pericardium  generally  contains  more  or  less  fluid  presenting  an 
amber  or  orange  color,  and  in  severe  cases  it  is  found  deeply  tinged  with  blood. 
Pericarditis  has  not  been  observed. 

"  The  heart  generally  presents  some  abnormal  appearance.  The  base  is  frequently 
the  seat  of  a  yellow  or  orange-colored  deposit  of  gelatinous  exudation,  which  takes 
the  place  of  the  usual  fat.  This  exudation  in  the  great  majority  of  cases  is  dotted 
over  with  small  circular  ecchymoses,  dark  red  or  nearly  purple  in  color,  which  lie 
under  the  visceral  pericardium  singly  or  in  groups,  and  sometimes  assume  the  pro- 
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portions  of  extravasations.  These  are  also  found,  but  less  frequently,  invading  the 
external  surface  of  the  muscular  tissue  of  the  organ;  and  a  common  situation  for 
them  also  is  on  either  side  of  the  coronary  vessels. 

"The  right  side  of  the  heart  is  in  most  instances  dilated,  the  left  side  contracted. 
The  muscular  tissue  is  often  pale  and  flabby,  and  in  a  state  of  fatty  degeneration. 

"The  cavities  of  the  right  side  of  the  heart,  and  much  less  frequently  the  left,  are 
distended  with  clots,  which  present  a  variety  of  colors  ranging  from  yellow  or  orange 
to  green  and  dark  purple.  These  may  be  found  bathed  in  dark  semifluid  blood. 
These  coagula  run  up  the  great  vessels  from  the  cavities  of  the  organ,  and  on  gentle 
traction  can  be  detached,  and  are  found  to  reproduce  the  branching  and  peculiarities 
of  the  vessel  which  they  occupied.  The  lining  membrane  of  the  right  auricle  and 
ventricle,  and  much  less  frequently  the  cavities  on  the  left  side,  are  observed  to  be 
stained  a  dusky  red  or  claret  color;  but  the  pathological  change,  which  gauges  the 
gravity  of  the  disease  in  each  individual  case,  must  be  looked  for  and  estimated  by 
the  number  and  extent  of  the  subendocardial  extravasations.  These  in  cases  under 
treatment,  when  the  hematozoon  has  been  absent  for  some  10  days,  have  been  found 
to  be  entirely  absent.  In  other  cases  they  may  be  represented  by  a  few  petechia?, 
and  again  in  more  severe  attacks  extensive  extravasations  of  blood  may  be  present. 
These  subendocardial  changes  are  usually  more  frequently  present  in  the  right 
ventricle  than  in  the  left,  and  have  been  noticed  in  the  cavities  on  the  right  side  of 
the  heart,  when  they  have  been  entirely  absent  from  the  left.  They  are  least 
frequently  found  in  the  left  auricle.  A  common  situation  for  them  to  occupy  is  the 
surface  of  the  musculi  papillares,  but  they  may  appear  on  any  portion  of  the  muscular 
wall  of  the  cavity,  as  well  as  frequently  involving  the  inner  turface  of  the  flaps  of 
the  tricuspid  and  mitral  valves.  The  ventricles  occasionally  present  well-marked 
signs  of  fatty  degeneration,  and,  although  in  the  human  being  the  left  is  the  more 
frequently  affected,  in  these  cases  the  right  ventricle  has  been  observed  to  present 
the  most  marked  changes,  near  to  the  apex  of  the  organ.  In  cases  where  the  visible 
mucous  membranes  have  been  stained  yellow  during  life,  the  same  coloration  of  the 
tissues  of  the  internal  surface  of  the  heart  has  been  found  well  marked.  In  all  the 
cases  the  yellow  deposit  of  gelatinous  material  was  present  round  the  base  of  the 
organ. 

"Naturally  contracted. — In  four  of  these  cases  ecchymoses  or  more  extensive 
extravasations  were  found  on  the  external  surface,  lying  under  the  visceral  peri- 
cardium and  well  marked  in  one.  Subendocardial  extravasations  were  present  on 
the  bicuspid  valves  in  Nos.  56  and  70,  and  involving  the  tricuspid  valve  in  No.  70. 

"Inoculated  cases. — In  12  cases  ecchymoses  were  present  on  the  external  surface  of 
the  heart  and  internal  subendocardial  extravasations,  as  follows: 

"In  the  right  auricle,  in  2;  in  the  right  ventricle,  in  12;  in  the  left  auricle,  in  3;  in 
the  left  ventricle,  in  14. 

"The  musculi  papillares  were  involved  in  4  cases." 

Nariman  &  Vaz  (1893,  p.  405)  also  mention  gelatinous  y  ellow  deposits 
in  the  furrows  of  the  heart  and  often  extensive  petechise  under  the 
endocardium.  Hayes  (1898,  p.  481)  says  there  is  a  yellow  or  amber 
jelly-like  exudate  in  the  connective  tissue  of  the  throat,  chest,  abdo- 
men, and  about  the  muscles  and  other  tissues,  and  especially  around 
the  base  of  the  heart. 

According  to  George  H.  Evans  (1899,  p.  38)  the  heart  has  gelatinous 
accumulations  in  its  furrows  instead  of  fat.  In  chronic  cases  the 
organ  is  pale,  flabby,  very  often  enlarged,  and  very  soft.  The  cavities 
are  filled  with  blood  or  variegated  clots,  which  extend  into  the  great 
vessels.    On  several  occasions  he  has  observed  an  atheromatous  con- 


Fig.  96.— Surra  Fever  in  the  Horse. 
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dition  of  the  aorta.  The  heart  constantly  presents  some  abnormal 
condition,  the  more  frequent  being  more  or  less  extensive  sub- 
endocardial ecchymoses. 

At  the  base  of  the  heart  there  is  almost  invariably  a  yellow  deposit 
of  orange-colored  gelatinous  material,  and  the  cavities  of  the  heart 
contain  clots  of  a  yellow,  green,  orange,  and  purple  color,  bathed  in 
tarry  dark  blood.  (Vet.  J.,  Lond.,  1896,  p.  181.  See  also  p.  62, 
under  "Edema.") 

Blood,  anemia,  leucocytosis,  and  parasites. — According  to  the  more 
careful  observers,  there  are  three  things  in  particular  to  be  noticed  in 
connection  with  the  blood,  namely :  (1)  The  presence  of  the  parasites, 
(2)  a  destruction  of  the  red-blood  corpuscles,  and  (3)  a  marked  increase 
of  the  white  corpuscles.  Steel  (1886a,  p.  169)  says  that  frequent  drop- 
sies and  sluggish  vitality  of  all  the  tissues  indicate  the  depraved  state 
of  the  blood.  Burke  (1888a,  p.  9)  states  that  leucocytosis  is  character- 
istic of  surra,  being  always  present  in  typical  cases. 

The  Veterinary  Journal,  London  (1896,  p.  178),  records  that  at  first 
the  blood  appears  normal,  but  later  a  peculiar  vibration  may  be 
observed,  caused  by  some  rapidly  moving  indefinable  organisms  among 
the  corpuscles.  Later  the  white'  corpuscles  increase  in  number,  and 
the  red  corpuscles,  from  the  attacks  made  upon  them  by  the  hema- 
tozoa,  become  irregular  in  shape,  many  of  them  appearing  to  be 
irregular  granulated  gelatinous  masses  of  a  pale  color,  which  form  into 
irregular  rouleaux.  In  the  last  stages  of  the  disease  the  plasma  occa- 
sionally assumes  a  faint  rusty  tinge;  the  parasite  attacks-  the  red  cor- 
puscle, takes  hold  of  it,  tears  it,  and  worries  it  as  a  dog  would  a  rat. 
Griffith  Evans  (1881,  p.  181)  records  that  the  hematozoa  always  fasten 
to  the  blood  corpuscles  by  their  blunt  end,  showing  a  great  preference 
for  the  concave  side  of  the  disk  rather  than  the  edge,  and  breaking  up 
the  corpuscle.  Burke  (1888a,  p.  84)  and  others  also  describe  the  attacks 
on  the  corpuscles  as  being  a  tearing,  dragging,  or  tugging.  The  white 
corpuscles  are  said  not  to  be  attacked  by  the  Trypanosoma.  Lingard 
(1893,  p.  28)  estimates  as  many  as  300,000  parasites  for  1  c.  c.  of  blood. 
Nariman  &  Vaz  (1893,  p.  405)  say  that  the  corpuscles  appear  to  be 
broken,  and  many  small  granules  are  seen,  some  of  which  are  freely 
movable.  No  parasites  were  found  in  the  secretions.  Nariman  believes 
that  between  the  febrile  attacks  the  hematozoa  accumulate  in  the  liver 
and  spleen;  for  after  death,  when  no  parasites  are  seen  in  the  blood, 
examinations  of  scrapings  from  both  liver  and  spleen  show  fast-moving 
round  bodies,  like  the  corpuscles.  Banking  (1891a,  pp.  400-401),  who 
did  not  admit  that  surra  was  due  to  Trypanosoma,  and  who  considered 
a  "bacillus"  as  the  exciting  cause,  claimed  to  have  noticed  "very 
characteristic  changes"  in  the  blood  corpuscles.    He  says: 

"  Echinom. — At  one  period  they  present  a  peculiar  appearance,  to  which  I  have 
given  the  name  of  echinosis,  for  the  r  asnn  that  the  individual  corpuscles  have  lost 
their  normal  contour  and  resemble  nothing  so  much  as  an  Echinus.    *   *  * 
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"Plasmodia. — At  another  period,  or  in  some  corpuscles  at  the  same  period,  the 
interior  of  the  corpuscle  is  seen  to  be  occupied  by  a  foreign  substance  presenting 
ameboid  movements  and  of  very  various  forms,  varying  from  circular  throughout 
stellate  and  pileate  forms  to  ^  veritable  bacillar  form — straight,  curved,  or  spiral. 
These  bodies,  I  take  it,  are  comparable  to,  if  not  identical  with,  the  Plasmodium 
malarise  of  Marchiafava  and  Celli,  as  they  correspond  in  all  particulars,  both  of  mor- 
phology and  development,  with  those  organisms.  In  one  specimen  only  have  I 
found  the  spirillum  (Hsematoynonas)  (Spirochsd),  hitherto  considered  to  be  the 
effective  cause  of  surra;  whereas  the  organism,  whose  nature  is  now  described,  is 
invariably  present  and  conforms  in  all  particulars  to  Koch's  postulates.   *  *  * 

"Echinoid  stage. — The  blood,  then,  of  a  surra  animal,  when  in  the  stage  of 
'echinosis,'  contains  red  cells,  to  the  surface  of  which  are  adherent,  or  in  the  sub- 
stance of  which  are  embedded,  minute  circular  organisms  varying  in  size  from 
0.0004  mm.  to  0.002  mm.  in  diameter.    *   *  * 

"In  some  stages  these  circular  organisms,  which  I  shall  for  the  future  call 
'spores,'  are  seen  free  in  the  plasma  in  variable  quantities  exhibiting  actively  motile 
properties.  They  attach  themselves  to  the  surface  of  the  red-blood  disks,  giving 
rise  to  the  '  echidnoid '  corpuscles  of  early  echinosis. 

"  Plasmodic  stage. — After  a  variable  time  the  cells  lose  their  echinoid  appearance 
and  become  plasmodic;  that  is  to  say,  they  become  occupied  by  the  bodies  mentioned 
above,  and  compared  to  the  Plasmodium  malarise.  These  plasmodic  corpuscles  are 
of  irregular  contour  in  most  instances,  only  retaining  their  disk  shape  in  those  cases 
in  which  the  Plasmodium  is  circular;  in  other  cases  assuming  more  or  less  the  shape 
of  the  Plasmodium  contained  in  them. 

"  Spore  stage. — After  a  further  period  the  plasmodia  break  up,  undergoing  rapid 
fission  into  '  spores,'  0.002  mm.  in  diameter,  which  escape  from  the  blood  cell  causing 
1  late  echinosis,'  and  become  free  in  the  plasma.  The  changes  must  be  observed  on  a 
warm  stage. 

"The  red  cell,  having  lost  the  spores,  almost  immediately  resumes  its  normal  con- 
tour, but  only  for  an  instant,  as  it  rapidly  loses  all  coloring  matter  and  becomes  trans- 
lucent and  all  but  invisible.  These  decolorized  red  cells  may  again  be  brought  into 
view  by  adding  a  little  watery  Spiller. 

"If  now  a  slide,  in  which  these  appearances  have  been  watched,  is  treated  in  the 
usual  way  for  staining  spores,  it  is  seen  to  be  full  of  minute  deeply  stained  spores  in 
a  fibrinous  reticular  stroma,  to  the  meshes  of  which  the  spores  adhere. 

"In  addition  to  the  above  organisms,  the  following  objects  are  seen  with  varying 
frequency: 

"  (a).  Colorless  wandering  masses  of  plasma  ovoid  in  shape  and  beaked  or  flagel- 
late at  either  pole,  measuring  .004  mm.  in  diameter.   These  stain  with  Spiller. 
"(6).  Ordinary  leucocytes. 

"(c).  Large  irregularly  globose  leucocytes,  mono- or  poly-nuclear,  in  many  cases 
containing  the  above  beaked  plasmodia  (a) ,  and  frequently  full  of  motile  spores. 
These  are  evidently  phagocytes. 

"(d).  Mulberry-shaped  globose  masses  of  yellow  spores.  These  I  have  reason  to 
believe  are  aggregations  of  spores  in  phagocyte  cells,  as  they  are  more  common  when 
the  animal  is  evidencing  a  resisting  power  against  the  disease,  and  may  be  observed 
in  various  stages  of  development. 

"  (e).  Pigment  granules  solitary  or  in  phagocyte  cells. 

"  (/).  Eusiform  bodies  .016  mm.  in  length,  yellow,  with  white  contents  separated 
into  two  triangular  segments,  with  the  bases  centrally  placed,  resembling  the  bodies 
figured  by  Golgi  as  one  stage  in  the  development  of  Laveran's  parasites." 

Ranking  further  says  that  the  blood  of  ague  conforms  in  patholog- 
ical appearances  with  that  of  surra  and  an  identical  bacillus  can  be 
obtained. 
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ORGANS  OP  RESPIRATION. 

Larynx. — The  larynx  usually  presents  nothing  abnormal.  (Lingard, 
1893,  p.  83.) 

Trachea. — The  trachea  is  sometimes  the  seat  of  congestion,  and  con- 
tains a  quantity  of  frothy  mucus.    (Lingard,  1893,  p.  83.) 

Bronchi. — The  bronchi  are  usually  health}7,  but  occasionally  present 
the  signs  of  bronchitis,  or  contain  purulent  material  when  pneumonia 
is  present.    (Lingard,  1893,  p.  83.) 

Pleura. — The  pleurae  rarely  present  signs  of  inflammation  (case  No. 
8,  however,  showed  signs  of  recent  changes),  but  sometimes  petechias 
are  seen  lying  under  the  parietal  pleura.  The  pleural  cavity  seldom 
contains  any  fluid,  but  in  three  cases  several  ounces  were  found  in  each. 
(Lingard,  1893,  p.  83.)    (See  also  "  Serous  effusions,"  p.  78.) 

Lungs. — In  one  case  Griffith  Evans  (1881,  pp.  6-7)  found  the  margin 
of  one  lobe  of  a  lung  hepatized.  Steel  (1886a,  p.  171)  records  congested 
lungs.  Lingard  (1893,  pp.  83-84)  states  that  the  most  common  morbid 
appearances  in  surra,  according  to  frequency,  are  emphysema  in 
nearly  all  ecchymoses  lying  under  the  visceral  pleurae,  and  a  localized 
pneumonia  is  by  no  means  uncommon.  In  one  case  bronchopneumonia 
was  present,  but  in  all  the  other  twelve  the  lobules  were  surrounded 
by  a  gelatinous  exudation,  the  change  resembling  pleuropneumonia  of 
cattle.  In  a  large  majority  of  horses  examined  postmortem  the  lungs 
presented  calcareous  bodies  situated  rather  superficially  or  in  the  depths 
of  the  tissues,  exactly  similar  to  those  found  in  the  liver.  These  are 
due  to  some  cestode,  and  the  changes  are  of  earlier  date,  before  the 
contraction  or  inoculation  of  surra. 

According  to  the  Veterinary  Journal,  London  (1896,  p.  181),  the 
lungs  are  often  emphysematous  and  sometimes  the  seat  of  local  inflam- 
mation, while  Hayes  (1898,  p.  481)  says  that  the  lungs  often  show 
signs  of  inflammation. 

According  to  George  H.  Evans  (1899,  p.  38)  the  lungs  are  healthy 
as  a  general  rule,  but  cases  in  which  they  are  congested  are  by  no 
means  infrequent. 

LYMPHATIC  GLANDS. 

The  lymphatic  glands  throughout  the  body  are  more  or  less  swollen 
and  more  or  less  edematous.    (Burke,  1891,  p.  270;  1897,  p.  188.) 

According  to  Lingard  (1893,  p.  82),  the  mesenteric  glands  are  not 
enlarged  as  a  rule,  but  abnormal  appearances  were  noticed  in  one 
iase. 

ORGANS  OF  DIGESTION. 

Mouth  and  tongue.    (See  p.  67.) 

Pharynx  and  esophagus.- — The  pharynx  and  esophagus  rarely  pre- 
sent any  abnormal  appearance,  but  if  any  are  present  in  the  latter 
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organ  they  are  usually  small  wounds  in  the  epithelium  due  to  the  pres- 
ence of  Gongylonema  scutatum."    (Lingard,  1893,  p.  69.) 

Peritoneum. — Symptoms  of  old  circumscribed  inflammation  are  vis- 
ible in  most  cases  as  perihepatitis  and  occasionally  perisplenitis,  the 
organ  being  firmly  attached  to  the  stomach  or  to  the  parieties,  but  in 
no  single  instance  has  Lingard  (1893,  p.  82)  observed  any  signs  of  a 
general  peritonitis. 

Mesenteric  glands.    (See  "Lymphatic  glands,"  p.  83.) 

Stomach. — According  to  Steel  (1886a,  p.  170),  gastric  ulceration 
occurs  in  three-fourths  of  the  cases,  especially  on  the  cuticular  por- 
tion of  the  stomach;  occasionally,  also,  the  villous  portion  was  affected. 
The  ulceration  in  some  cases  extended  to  perforation.  It  was  brought 
about  by  a  peculiar  yellow  degeneration  of  the  tissue,  and  is  probably 
due  to  embolic  plugging  of  the  small  blood  vessels. 

Burke  (1888a,  p.  5)  states  that  gastric  ulcers  were  frequently  observed 
in  the  transport  mules  in  the  Burma  outbreak,  and,  by  way  of  com- 
parison, he  refers  to  the  presence  of  similar  lesions  in  chlorotic 
women.  Such  ulcers  do  not,  however,  appear  to  be  present  in  all 
outbreaks.  Later,  Burke  (1891,  p.  270),  in  discussing  ulcers,  says 
that  "the  blood  itself  is  rendered  unfitted  for  the  purposes  of  proper 
nutrition,  and  degenerative  changes  of  an  adipose  character,  some- 
times leading  to  disintegration  of  portions  of  the  imperfectly  nour- 
ished tissue,  take  place.  When  organs  and  parts  so  weakened  by 
starvation  are  distended  with  anemic  blood  which  they  can  not  utilize, 
sloughs  result  from  gangrene  of  the  imperfectly  nourished  tissues,  as 
evidenced  in  the  ulcerations  of  the  stomach,  etc.,  noted  in  this  disease. 
The  ulcer  itself,  once  formed,  suffers  from  nutritional  defect,  owing 
to  the  impoverished  state  of  the  blood,  which  prevents  the  formation 
of  resisting  tissue  around  it,  and  often  leads  to  perforations." 

Gunn  states  that  the  villous  portion  in  these  cases  remained  unaf- 
fected. In  no  case  was  ulceration  to  be  seen,  but  the  cuticular  portion 
of  the  stomach  was  much  thickened,  and  on  the  internal  surface  were 
observed  numerous  papillary  eminences,  each  having  a  small  and 
somewhat  deep  central  depression. 

Lingard  (1893,  p.  81),  in  referring  to  his  own  investigations,  says: 

' 1  In  this  investigation,  in  the  majority  of  cases,  the  cuticular  portion  of  the  stomach 
has  practically  been  found  free  from  grave  complications. 

"In  1  case  the  cuticular  portion  of  the  organ  was  described  as  thickened,  but 
inexperience  at  that  early  period  of  the  research  probably  led  one  to  overlook  the 
fact  that  the  coats  were  merely  contracted.  A  partial  yellow  coloration  of  the  lining 
membranes,  either  only  involving  the  left  sac  or  in  others  staining  both  sides  of  the 
line  of  demarcation,  was  noted  in  1  naturally  acquired  case  of  the  disease  and  in  5 
inoculated  cases,  and  congestion  of  the  cuticular  portion  was  found  once. 

"The  villous  portion  of  the  right  sac  was  much  more  frequently  found  to  be  the 
seat  of  marked  changes. 


"This  is  a  threadworm  which  burrows  undulating  tunnels  in  the  epithelium  of 
the  esophagus.    It  is  very  common  in  cattle  in  the  United  States. 
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"Ulcers  occurred  in  2  cases  and  were  probably  due  to  the  effects  of  parasites; 
congestion,  only  in  14 — 3  in  naturally  contracted  cases,  9  in  inoculated  animals  from 
horse  to  horse,  and  2  through  the  goat. 

"Petechia  in  1  naturally  acquired  and  in  3  inoculated.  In  1  inoculated  case 
extravasations  of  blood  were  present,  and  small,  round,  elevated  white  patches  in  1 
naturally  contracted  case.  With  regard  to  parasitical  tumors,  due  to  the  presence  of 
large  numbers  of  the  Spiroptera  megastoma,  they  were  present  in  3  naturally  acquired 
cases,  whilst  in  inoculated  cases  from  horse  to  horse  they  were  observed  in  23,  and 
from  goat  to  horse,  etc.,  in  2;  and  in  case  No.  33,  an  extravasation  of  blood  had 
occurred  beneath  the  mucous  and  muscular  coats." 

George  H.  Evans  (1899,  pp.  37-38)  in  referring  to  surra  says  that — 

"with  regard  to  the  postmortem  appearances  of  this  disease  in  Burma,  one  lesion 
is  rarely  if  ever  absent,  namely,  some  change  in  the  mucous  membrane  of  the  stom- 
ach, more  especially  of  the  cuticular  coat,  pigmentation,  erosion,  or  ulceration.  The 
positions  in  which  these  changes  are  most  constantly  met  with  are  along  the  line  of 
junction  of  the  cuticular  with  the  villous  portion,  and  also  at  the  lesser  curvature. 
If  an  animal  be  destroyed  during  the  early  stages,  discolored  muddy  yellow  patches 
may  be  observed;  if  examined  closely,  one  or  all  of  them  may  present  an  eroded 
appearance.  These  changes  are  in  most  cases  no  doubt  due  to  thickening  and  prolif- 
eration of  the  epithelium,  which  degenerates  and  breaks  down,  leaving  the  yellowish 
shallow  ulcers.  These,  owing  to  the  progressive  degenerative  changes,  become  deeper 
until,  in  many  cases,  perforation  occurs.  The  ulcers  may  cover  an  extensive  surface. 
I  have  seen  some  6  or  7  cases  in  which  from  half  to  three-quarters  of  the  cuticular 
coat  was  in  an  ulcerated  state;  and  it  was  while  making  postmortems  with  another 
officer  of  the  department  that  we  came  on  two  of  the  cases  referred  to,  and  in  which 
no  less  than  three-quarters  of  the  cuticular  surface  was  involved.  The  animals  from 
which  these  stomachs  were  taken  were  destroyed,  as  they  were  suffering  from  surra. 
Neither  was  in  bad  condition,  and  both  were  taking  food  up  to  the  very  last  moment. 
Though  the  cuticular  coat  is  invariably  involved,  the  lesions  undoubtedly  do  in  some 
cases  extend  to  the  villous  portion.  The  anatomical  differences,  however,  naturally, 
to  some  extent,  alter  the  appearances  of  the  ulcers,  which  are  often  seen  with  a 
smoother  flat  surface,  and  surrounded  by  a  ring  of  swollen  mucous  membrane. 

"  I  am  of  the  opinion  that  in  all  cases  of  death  from  chronic  surra,  or  in  animals  that 
have  been  destroyed  after  the  disease  has  been  in  existence  for  some  time,  that  ulcer- 
ation of  the  stomach,  more  or  less  extensive,  will  be  seen  postmortem. 

"The  deep  yellow  pigmentation  is  not  constant,  but  in  nearly  all  cases  there  is  a 
distinct  yellowish  tinge  about  the  cuticular  coat.  The  villous  portion  often  is  in 
parts,  owing  to  degenerative  changes,  denuded  of  its  epithelial  lining.  In  some 
cases  a  large  proportion  of  the  cuticular  coat  may  be  pigmented.  The  color  is  a 
bright  yellow,  which  shows  up  beautifully  alongside  of  the  whiteness  of  the  normal 
epithelium.  Parasites  (Spiroptera  microstoma)  are  constantly  found,  especially  in  the 
stomachs  of  mules,  embedded  in  the  gelatinous  mucus  of  the  villous  coat,  but,  as  you 
are  well  aware,  have  nothing  to  do  with  the  disease.  Bote  are  frequently  met  with, 
and  this  year  I  met  with  a  case  where  the  bots  had  attached  themselves  to  the 
mucous  membrane  of  the  duodenum;  there  were  quite  100.  Spiroptera  nests  are 
sometimes  seen  in  the  stomach,  I  think  more  frequently  in  mules,  but  they  are 
rare.  Last  month  I  was  present  at  41  postmortems,  but  did  not  observe  a  single 
nest,    *   *   *  " 

Intestines. — In  some  cases  there  were  petechias  of  the  mucous  lining 
of  the  intestines,  similar  to  what  was  visible  during  life  in  the  vagina 
and  on  the  eyelids.  The  mucous  membranes  everywhere  were  more 
or  less  tinged  yellow.    (Griffith  Evans,  1881,  p.  7.) 
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In  acute  cases  there  is  diffused  congestion  of  the  lining  membrane 
of  the  bowels.  In  chronic  cases  there  are  small  localized  patches  of 
congestion.    (Steel,  1886a,  pp.  170-171.) 

Steel  is  quoted  by  Burke  (1888a,  p.  8)  as  authority  for  the  statement 
that  mucous  congestions  are  continuous  throughout  the  anterior  two- 
thirds  of  the  bowel,  with  presence  of  several  worms.  Burke  (1897, 
p.  188)  says  that  the  alimentary  mucous  membrane  is  in  an  anemic 
condition  with  petechia?  and  ulcerated  spots  [stomach  ?],  the  result  of 
disintegration  and  atrophy. 

In  referring  to  the  small  intestine,  Lingard  (1893,  pp.  81-82)  states: 

"  In  a  number  of  cases  no  pathological  change  of  any  kind  is  observable.  On  the 
other  hand,  it  is  by  no  means  infrequent  to  find  the  mucous  membrane  between  the 
duodenum  and  the  cecum,  more  or  less  injected  in  patches,  and  ecchymoses  dotted 
about  either  singly  or  in  small  groups.  The  solitary  glands  and  Peyer's  patches  are 
never  found  enlarged  or  ulcerated,  but  the  former  present  a  pale  color,  whilst  in  the 
latter,  the  slightly  pigmented  condition  of  health.  In  those  cases  we  haveexamined, 
the  small  number  of  entozoa  present  in  the  small  intestines  have  been  particularly 
noticeable,  and  especially  has  this  been  the  case  in  Australians.  Of  the  naturally 
acquired  cases,  2  presented  patches  of  congestion  and  1  in  those  horses  inoculated 
from  the  goat. 

"Ecchymoses  were  present  in  2  naturally  acquired,  whilst  no  less  than  9  inocu- 
lated, animals  showed  them." 

George  H.  Evans  (1899,  p.  38)  says  that  he  has  never  observed  ulcer- 
ation of  the  small  intestine,  but  he  has  noticed  circumscribed  local 
congestions.  In  a  few  cases,  extensive  mucous  congestion  was  noticed. 
The  intestines  often  contain  a  quantity  of  a  very  yellow  fluid.  There  is 
nothing  remarkable  to  note  about  the  condition  of  the  large  intestine. 

Liver. — According  to  Griffith  Evans  (1881,  pp.  5-6),  the  structure  of 
the  liver  was  not  diseased  in  any  case,  but  in  one  instance  the  liver  was 
studded  throughout  with  calcareous  degenerations  of  cestode  larvae. 
In  two  cases  liver  flukes  were  found  with  inspissated  bile  distending 
some  of  the  bile  ducts  enormously. 

Burke  (1888a,  p.  9;  1891,  p.  271)  refers  to  hepatitis,  the  early  symp- 
toms of  which  are  shown  by  jaundice  of  the  mucous  membranes. 

Lingard  (1893,  p.  82)  states  that  the  liver  "is  nearly  always  enlarged, 
especially  so  when  death  occurs  during  a  paroxysm.  In  case  No.  15  it 
weighed  19  pounds  17i  ounces.  The  anterior  or  convex  surface,  as  a 
rule,  presents  circular  patches,  white  or  yellow  in  color,  when  the 
membranes  have  been  yellow  during  life,  and  these  are  due  to  thicken- 
ing of  the  capsule.  The  surfaces  of  both  lobes  in  nearly  all  the  cases 
observed  have  shown  signs  of  old  perihepatitis,  and  in  a  large  majority 
of  country-bred  animals  examined,  small,  round,  or  irregular  masses 
of  a  hard,  gritty  consistency  have  been  present  on  the  surface  of  the 
organ,  lying  under  the  capsule  and  more  or  less  invading  the  tissues; 
these  are  of  parasitical  origin. 

"Perihepatitis  was  present  in  the  organs  of  all  the  naturally  acquired 
surra  animals  examined,  and  the  hard  concretions  in  Nos.  3, 10,  65,  70; 
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perihepatitis  also  was  found  in  16  inoculated  horses  and  concretions 
in  13." 

Nariman  &  Vaz  (1893,  p.  405)  report  that  the  liver  is  congested, 
enlarged,  and,  in  some  cases,  calcareous.  In  one  case  the  liver  was 
simply  a  mass  of  stone  from  the  aggregation  of  small  calcareous  par- 
ticles, and  weighed  49  pounds.  The  Veterinary  Journal,  London  (1896, 
p.  177),  refers  to  hepatic  disturbances. 

Hayes  (1898,  p.  481)  refers  to  enlargement  of  the  liver  and  spleen  and 
petechia?  on  various  organs. 

George  H.  Evans  (1899,  p.  38)  says  that  the  liver  is  usually  healthy, 
but  cases  of  congestion  and  softening  may  be  met  with.  Miliary 
calcareous  deposits  are  often  seen,  and  in  some  cases  the  liver  is  much 
enlarged. 

Pancreas. — The  pancreas  is  normal.    (Lingard,  1893,  p.  82.) 
Spleen, — Several  authors  refer  to  the  enlargement  of  the  spleen. 
Thus  Lingard  (1893,  p.  82)  says: 

"This  organ  is  always  enlarged  to  a  greater  or  less  degree,  and,  in  some  instances, 
has  been  found  to  assume  abnormal  proportions,  especially  in  the  case  of  an  animal 
dying  during  a  paroxysm,  when  the  hematozoon  has  been  swarming  in  the  blood  for 
some  days.  When,  however,  the  animal  succumbs  and  the  organism  has  been 
absent  for  some  time,  it  may  be  found  to  be  little,  if  at  all,  enlarged.  The  capsule  is 
generally  dotted  over  thickly  with  irregular-shaped  ecchymoses  of  a  brick-red  color, 
which  are  especially  noticeable  as  they  have  a  bluish- white  colored  or  opalescent 
background. 

"The  tissues  as  a  rule,  on  sections,  are  firm  to  the  touch  and  present  a  dark-red  or 
purplish  color. 

"This  organ  was  found  to  be  enlarged  in  7  out  of  9  naturally  acquired  cases,  and 
in  all  petechia?  were  present  showing  through  the  capsule.  Of  the  inoculated  cases, 
in  19  the  spleen  was  enlarged,  and  in  18  out  of  28  the  petechise  were  marked." 

Nariman  &  Vaz  (1893,  p.  405)  say  that  the  spleen  is  generally  enlarged 
and  hard,  and  George  H.  Evans  (1899,  p.  38)  records  that  in  advanced 
cases  the  spleen  is  generally  enlarged.  There  is,  as  a  rule,  an  excess 
of  pulp,  so  that  it  pits  upon  pressure.  The  structure  is  at  times 
disorganized. 

According  to  Lingard  (1895,  p.  12),  in  the  case  of  rats  the  weight  of 
the  spleen  increases  (from  a  minimum  when  the  parasite  is  not  present) 
in  proportion  to  the  number  of  hematozoa  infecting  the  animal,  and 
the  maximum  size  of  the  spleen  is  reached  toward  the  end  of  the 
rains.    (See  p.  128.) 

URINARY  SYSTEM. 

Kidneys.— Griffith  Evans  (1881,  p.  5)  found  the  kidneys  normal, 
except  in  one  case,  in  which  they  were  pale  and  sodden-like,  but  Burke 
(1888a,  p.  3)  refers  to  fatty  degeneration  of  the  kidney. 

Steel  (1886a,  p.  171)  refers  to  the  kidneys  as  "congested  or  edema- 
tous."   Lingard  (1893,  p.  84),  in  referring  to  the  kidneys,  says: 

"  The  kidneys,  right — congested. 

"  Thekidneys,  right — petechia.    The  organs  generally  present  a  pale  appearance,  but 


88 


BUREAU  OF  ANIMAL  INDUSTRY. 


not  unfrequently  one  or  both  are  the  seat  of  numerous  petechia,  in  some  instances  so 
small  as  to  beonly  the  size  of  a  pin's  head,  but  may  be  much  more  extensive.  They 
are  scattered  over  the  external  cortical  surface  of  the  organs,  and  on  section  are 
found  to  dip  into  and  invade  the  tissues  below.  The  stellate  veins  are  frequently 
injected,  and  occasionally  the  surface  of  the  organ  is  the  seat  of  congested  patches." 

The  Veterinary  Journal,  London  (1896,  p.  181),  records  that  the 
kidneys  are  often  pale,  flabby,  and  colored  with  petechia?,  and  accord- 
ing to  George  H.  Evans  (1899,  p.  38)  they  are  frequently  affected;  at 
times  anemic  and  edematous,  at  others  slightly  or  markedly  congested. 
In  some  cases  he  has  observed  considerable  blood  extravasation  on  and 
in  the  under  parts  of  these  organs. 

Bladder.— There  is  little  to  note  about  the  bladder.  In  some  cases 
a  patch  of  extravasation  may  be  observed  at  the  fundus  or  small 
petechial  spots  scattered  over  the  mucous  membrane. 

MUSCLES. 

The  muscles  of  the  back,  especially  in  long-continued  cases,  are 
found  to  have  undergone  considerable  atrophy.  In  the  majority  of 
cases  they  are  of  a  very  dark-red  color,  as  if  the  animal  had  succumbed 
to  asphyxia.  When  the  case  has  been  complicated  by  jaundice,  all  the 
tissues  present  a  more  or  less  yellow  tinge.  (Lingard,  1893,  p.  80.) 
(See  also  "Emaciation,"  p.  64.) 

CONNECTIVE  TISSUE  AND  BONES. 

In  the  majority  of  cases  there  is  found  a  varying  amount  of  a  gelat- 
inous, light  yellow,  or  greenish  colored  material,  lying  in  the  subcu- 
taneous tissues.  This  may  occasionally  be  present  in  very  large  quanti- 
ties, especially  in  the  neck,  lying  on  either  side  of  the  trachea,  in  front 
of  the  sternum  and  along  the  most  dependent  part  of  the  abdomen,  also 
involving  the  sheath  and  the  extremities.  It  is  also  frequently  found 
between  the  muscles  and  running  along  the  sheath  of  the  nerves;  and 
in  cases  complicated  with  pneumonia  the  individual  lobules  of  the 
lung  are  divided  off  or  insulated  by  this  jelly-like  material.  (Lingard, 
1893,  p.  80.) 

The  bones  and  the  white  tissues  of  the  body  generally  are  tinged 
yellow  in  jaundiced  cases.    (Lingard,  1893,  p.  80.) 

(See  also  "Edema,"  p.  62;  "Fatty  changes,"  p.  79;  "Jaundice," 
p.  78.)  . 

NERVOUS  SYSTEM. 

Steel  (1886a,  p.  171)  reports  edema  of  the  brain  and  spinal  cord. 
Lingard  (1893,  p.  84)  describes  the  pathological  lesions  of  the  nervous 
system  as  follows: 

"  The  cerebral  membranes  in  the  majority  of  cases  present  a  normal  appearance,  but  in 
several  cases  increased  injection  has  been  noticed,  and  in  one  case  the  arachnoid  pre- 
sents signs  of  slight  superficial  extravasations. 

"  An  access  of  fluid  in  the  lateral  ventricles  has  been  frequently  met  with.  This 
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fluid  isjcolorless  or  slightly  opalescent,  and  in  cases  where  the  membranes  have  been 
yellow  during  life,  the  fluid  may  be  tinged. 

"The  brain  and  cerebellum  are  pale,  and  the  convolutions  flattened  when  there  is 
an  excess  of  fluid  in  the  lateral  ventricles.  The  iter  a  lerlio,  etc.,  has  been  observed 
to  be  dilated,  reminding  one  of  the  condition  found  postmortem  in  children  who 
have  succumbed  to  ventricular  meningitis. 

"Spinal  cord. — In  some  cases  there  is  an  increase  in  the  amount  of  fluid  within  the 
spinal  canal,  and  in  others  a  quantity  of  gelatinous  material  in  the  lower  dorsal  and 
lumbar  region  surrounding  the  cord,  and  this  may  in  part  account  for  the  priapism 
in  horses  which  occurs  frequently  in  the  course  of  the  disease." 

George  H.  Evans  (1899,  p.  38)  states  that  he  has  never  discovered 
extensive  lesions  in  the  nervous  system.  In  a  few  instances  the  brain 
substance  was  undoubtedly  soft  and  the  plexus  choroides  was  pale  and 
bloodless.    (See  also  p.  70,  under  "Action  and  paralysis.") 

COMPLICATIONS  OF  SURRA. 

Pneumonia. — When  pneumonia  was  present,  the  consolidation  was 
localized  or  circumscribed.  In  the  majority  of  cases  one  lung  only 
was  attacked,  but  the  lesions  were  not  confined  to  any  particular  posi- 
tion, the  apices,  anterior  inferior  angles,  bases,  and  center  of  the 
organs  being  the  seat  of  the  change;  but  in  the  latter  position  it  was 
generally  superficial,  that  is,  lying  directly  under  and  for  several  inches 
below  the  pleura,  which  was  also  involved.  It  was  observed  in  3  out 
of  8  cases  of  the  naturally  contracted  disease,  and  in  1  out  of  2  cases 
when  the  disease  was  transmitted  by  gastric  ingestion.  But  when 
transmitted  by  subcutaneous  inoculation  of  antemortem  and  postmor- 
tem blood,  with  the  former  it  was  seen  in  3  out  of  19  cases,  and  with 
the  latter  in  6  out  of  14  cases.    (Lingard,  1893,  p.  78.) 

Emphysema. — A  localized  emphysema,  usually  complicating  the 
apices  and  the  edges  of  the  lungs,  was  present  in  nearly  every  case  in 
horses,  but  in  guinea  pigs  it  was  found  frequently  pervading  the  entire 
organ.  In  several  instances,  distended  lobules  lying  immediately 
beneath  the  pleurae  were  found  to  project  in  the  form  of  blebs  as  large 
as  walnuts  with  very  thin  and  almost  transparent  walls;  while  in  one 
case  the  large  bleb  was  filled  with  a  clear  but  dark,  amber-colored 
fluid,  but  not  containing  red-blood  corpuscles. 

A  collapsed  or  atalectatic  condition,  more  particularly  of  the  apices, 
was  not  an  infrequent  complication.    (Lingard,  1893,  p.  78). 

Nephritis. — According  to  Lingard  (1899,  p.  68),  acute  desquama- 
tive nephritis  is  a  frequent  complication  of  surra. 

Pleurisy  is  an  occasional  complication.  It  was  noticed  in  3  cases; 
adhesions  were  present  in  1  and  with  effusion  in  2.  (Lingard,  1893, 
p.  78.) 

Sudden  collapse  has  been  mentioned  by  Steel  as  a  not  infrequent 
termination  in  surra  cases  in  mules.  In  2  cases  Lingard  (1893,  p.  78) 
has  observed  it.  In  one  case  the  animal  fell  dead  without  any  pre- 
monitory symptoms  or  warnings  of  any  kind. 


90 


BUREAU  OK  ANIMAL  INDUSTRY. 


Palpitations  and  vehement  action  of  the  heart  occur  to  a  greater  or 
less  extent  toward  the  termination  of  every  case.  The  impulse  of  the 
heart  is  so  forcible  as  to  move  the  body  of  the  animal  when  each  beat 
occurs.    (Lingard,  1893,  p.  78.) 

Pericarditis  has  not  been  observed  as  a  complication  of  surra. 
(Lingard,  1893,  p.  78.) 

Hemorrhages. — Lingard  (1893,  p.  78)  observed  epistaxis  in  2  animals, 
but  the  hemorrhage  on  each  occasion  was  only  slight. 

Miscarriage. — In  small  animals,  such  as  rabbits  and  guinea  pigs, 
pregnant  females  always  miscarry  within  a  short  time  after  the  appear- 
ance of  the  organism  in  the  blood.  If  the  female  is  near  the  full 
term  of  gestation  when  the  organism  makes  its  first  appearance  in  the 
general  circulation ,  the  young  may  be  born  alive  and  thrive.  (Lingard, 
1893,  p.  78.) 

Edema  of  the  extremities  and  undersurface  of  the  abdomen. — In 
horses  edema  is  of  exceedingly  common  occurrence,  and  appears  fre- 
quently as  an  early  symptom.  It  first  involves  the  fetlocks,  more 
especially  of  the  hind  limbs,  and  gradually  extends  upward  toward  the 
hocks,  the  most  noticeable  features  being  the  absence  of  heat  and  ten- 
derness on  pressure.  In  horses  it  is  frequently  accompanied  by  swel- 
ling and  edema  of  the  sheath  and  scrotum  and  at  a  later  date  spreads 
forward  along  the  undersurface  of  the  abdomen,  finally  invading  the 
sternal  region.  In  mares,  after  the  extremities  have  become  involved, 
small  patches  of  semisolid  edema  are  observed  on  one  side  or  other  of 
the  chest  or  between  the  fore  legs.  As  long  as  an  animal  is  able  to 
assume  the  recumbent  position  the  exudation  does  not  collect  to  any 
great  extent,  but  as  soon  as  the  animal  is  condemned  to  the  upright 
position  for  any  length  of  time  these  accumulations  increase,  and  may 
attain  to  considerable  pi'oportions.  Arsenic  when  administered  in  full 
doses  for  some  days  appears  to  have  a  beneficial  effect.  The  swelling 
and  edema  gradually  become  less  and  finally  disappear  completely. 
(Lingard,  1893,  p.  79.) 

Effusion  in  the  joints. — This  is  sometimes  met  with,  but  is  not  of 
common  occurrence.    (Lingard,  1893,  p.  79.) 

CAUSE  OF  DEATH. 

According  to  Steel  (1886a,  p.  169),  some  cases  are  acute  and  prove  fatal 
after  supervention  of  general  dropsy,  associated  with  local  congestions. 
Probably  the  immediate  cause  of  death  in  such  cases  is  fever,  for  in 
his  most  acute  case  the  animal,  about  an  hour  before  death,  gave  the 
extraordinarily  high  temperature  of  110°  F.  In  chronic  cases— that  is, 
in  about  96  per  cent — death  is  brought  about  by  gastric  perforation, 
antemortem  clot  in  the  heart,  or  simply  failure  of  the  heart's  action  as 
a  result  of  debility.  The  animals  remain  standing  to  the  last,  and 
suddenly  fall  dead  or  are  recumbent  or  delirious  for  some  days  before 
the  fatal  result.   Death  is.usually  painless.   (Griffith  Evans,  1881,  p.  3.) 
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CLINICAL  DIAGNOSIS  OF  SURRA. 

While  certain  symptoms,  as  already  described  (anemia,  fever, 
petechia,  ravenous  appetite,  extreme  emaciation,  high  mortality,  etc.), 
would  naturally  give  rise  to  a  suspicion  of  the  presence  of  surra, 
microscopic  examination  of  fresh  blood  to  find  the  parasite  is  the  most 
positive  method  of  diagnosing  the  disease.  In  doubtful  cases  Lin- 
gard  (1899,  p.  60)  injected  the  blood  of  suspects  into  guinea  pigs  and 
examined  the  blood  of  the  latter  daily.  In  the  ordinary  cases  of  surra, 
where  no  treatment  has  been  adopted,  the  latent  period,  when  guinea 
pigs  are  inoculated,  is  only  about  one  week,  but  when  the  fluid  for 
inoculation  is  taken  from  an  animal  that  has  been  subjected  to  prolonged 
arsenical  treatment  the  latent  period  is  extended  to  about  three  weeks, 
and  this  time  must  elapse  before  the  question  can  be  decided. 

"The  demonstration  of  the  'Trypanosoma  Evansi'  in  equines  will  distinguish 
surra  from  all  other  febrile  diseases.  As  the  periods  of  intermission  in  this  disease 
vary  in  length  from  one  to  six  days,  so,  in  order  positively  to  exclude  the  possibility 
of  any  cases  presenting  dubious  symptoms  being  those  of  surra,  it  will  be  necessary 
carefully  to  examine  microscopically  the  blood  of  the  suspected  animal  daily  for  a 
period  of  10  days.  If  the  result  of  the  blood  examination  should  prove  negative 
during  the  above-mentioned  period,  the  case  may  then  be  safely  declared  not  to  be 
one  of  surra.  It  must  be  borne  in  mind,  however,  that  a  cursory  examination  of 
one  cover-glass  preparation  of  fresh  blood  on  each  occasion  will  often  prove  insuffi- 
cient, for  it  happens  in  the  course  of  a  case  that  several  days  or  occasionally  a  week 
may  pass,  during  which  period  only  one  hematozoon  may  be  discovered  in  two  or 
even  three  cover-glass  preparations.  This  most  frequently  occurs  at  the  commence- 
ment or  termination  of  a  long  paroxysm  or  in  a  case  of  chronic  surra."  (Lingard, 
1893,  p.  79.) 

For  a  quick  blood  examination,  it  is  recommended  that  a  generous- 
sized  blood  drop  be  placed  upon  a  cover  slip.  This  slip  is  then 
placed,  blood  down,  upon  a  slide,  and  gently  pressed  so  that  a  blood 
ring  forms  around  the  cover  glass.  As  this  blood  ring  coagulates  it 
seals  the  preparation.  The  parasites  will  be  seen  swimming  with  an 
eel-like  motion  among  the  corpuscles.  They  are  about  three  to  four 
times  as  long  and  one-eighth  as  thick  as  a  white-blood  corpuscle. 

According  to  Griffith  Evans  (1881,  p.  185),  the  parasites  maybe  best 
observed  in  coagulated  or  defibrinated  blood. 

DIFFERENTIAL  DIAGNOSIS. 

According  to  Hayes  (1898,  p.  483),  surra  is  often  confounded  with 
paralysis  of  the  loins.  Microscopic  examination  of  the  blood  will  give  a 
positive  diagnosis,  while  this  and  the  chronic  course  of  surra,  together 
with  the  manner  in  which  the  internal  temperature  varies,  distinguish 
surra  from  anthrax. 

TREATMENT. 

Nothing  very  encouraging  can  be  said  at  this  time  on  the  subject  of 
treatment.    It  is  needless  to  lay  stress  upon  the  fact  that  a  rapid 
destruction  of  the  parasites  is  the  point  of  greatest  importance. 
19505— No.  42—  02  -8 
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Salt  and  quinine  are  two  of  the  most  fatal  substances  for  ordinary 
protozoa;  osmic  acid  is  also  very  fatal  to  them.  We  should  be 
inclined  to  experiment  along  the  line  of  hypodermic  injections  of 
quinine,  salt,  and  arsenic  in  the  hope  of  killing  the  hematozoa. 

Griffith  Evans  (1881,  pp.  184-185)  has  experimented  with  carbolic 
acid,  but  without  success. 

According  to  Banking  (1891,  p.  403),  the  disease  appears  to  be  con- 
trolled by  full  doses  of  quinine,  supplemented  by  general  measures 
(chiefly  milk,  iron,  and  arsenic)  to  combat  the  anemia  and  weakness 
consequent  on  prolonged  illness. 

Nariman  &  Vaz  (1893,  p.  405)  say  that  only  two  drugs  are  worthy  of 
mention — inhalation  of  carbolic  acid  (1  oz.)  in  a  closed  room  and  the 
hypodermic  injection  of  2  grains  of  corrosive  sublimate  in  a  solution 
of  common  salt.  When  the  former  was  used,  the  parasites  disappeared 
from  the  blood  in  about  4  days,  while  after  using  the  latter  no  parasites 
were  detected  after  the  second  injection.  In  both  cases,  however,  the 
animals  died  after  lingering  a  few  days  longer.  Iodine,  iodide  of 
potassium,  quinine,  and  arsenic  have  failed  to  make  any  impression  on 
the  disease. 

Burke  (1897,  p.  192)  states  that  "though  much  has  been  said  and 
written  to  the  contrary,  I  hold,  that  provided  prompt  measures  are 
adopted,  and  the  disease  is  treated  by  quinine,  arsenic,  iron,  and  other 
tonics,  by  changing  the  water,  and  making  some  variation  in  the  loca- 
tion of  the  animals,  great  benefit  and  even  absolute  removal  of  the 
disease  may  be  secured." 

Pease  (1897,  p.  551)  states  that  quinine  in  large  doses  will  not  con- 
trol the  disease.  "  One  ounce  of  quinine  given  daily  for  7  days  failed 
to  exercise  any  influence  over  the  surra  organism,  and  had  far  more 
effect  on  patient."   The  attacks  were  invariably  fatal. 

Lingard  has  discussed  treatment  more  than  any  other  author.  He 
selected  the  following  drugs  for  experimental  treatment: 

"  Mercuric  chloride  has  been  employed  subcutaneously,  and  also  by  direct  injection 
into  the  circulation,  with  negative  results. 

"Iodine  and  iodide  of  potassium  by  intertracheal  injection,  and  also  by  subcutaneous  ' 
inoculation,  were  followed  by  negative  results. 

"Iodoform,  by  subcutaneous  injection,  and  also  by  direct  injection  into  the  jugular, 
produced  no  good  results. 

"  Oleum  terebinthinse,  by  subcutaneous  injection,  and  by  injection  into  the  jugular, 
was  followed  by  negative  results. 

"  Polasii  bichromas  directly  injected  into  the  circulation,  and  by  gastric  ingestion, 
produced  no  marked  effect  upon  the  infusorian. 

"  Mixed  cinchona  alkaloids  and  arsenic  did  not  destroy  the  infusorian. 

"  Carbolic  acid  and  iodine,  76  drams  of  the  former,  and  34 J  drams  of  the  latter  in  6 
days,  produced  no  apparent  effect  on  the  infusorian. 

"  Quinine,  in  large  doses,  had  no  effect  on  the  infusorian. 

"  Iodic  hydrarg,  a  very  powerful  antiseptic,  had  no  effect, 

"Santonin  had  no  effect. 

"Potass  had  no  effect,"    (Lingard,  1894c,  p.  174.) 
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He  reports  his  best  success  with  arsenic,  and  he  gives  the  following 
general  directions  (1899,  pp.  68-69)  for  its  use: 


"Only  animals  in  good  or  in  fairly  good  condition  are  suitable  to  undergo  treatment 
for  surra.  It  will  be  found  impracticable  to  attempt  to  cure  ill-preserved  animals, 
such  as  Tonga  ponies,  toward  the  end  of  a  heavy  and  hard-worked  season. 

"2.  It  is  of  the  utmost  importance  for  the  successful  treatment  of  surra  that  the 
disease  be  recognized,  and  the  animal  subjected  to  the  drug  with  the  least  possible 
delay. 

"3.  The  weight  of  the  animal  should  be  ascertained  frequently  when  practicable, 
so  that  the  maximum  dose  of  arsenic  to  be  administered  during  the  treatment  may  be 
regulated. 

"4.  Arsenic  should  be  given  in  the  form  of  liquor  arseniealis  (Fowler's  solution): 


"Add  half  a  pint  of  distilled  water  to  these  in  a  flask  and  heat  till  dissolved;  cool, 
and  add  compound  tincture  of  lavender"  5  drams,  distilled  water  sufficient  to  make 
1  pint. 

"5.  In  most  cases  of  surra  in  equines  a  dose  of  5  grains  may  be  commenced  with 
and  given  twice  daily  for  48  hours,  the  quantity  being  increased  by  half  a  grain 
after  every  four  doses  have  been  administered,  until  7  grains  are  reached.  The  lat- 
ter amount  should  be  continued  twice  daily  for  7  days  in  the  case  of  an  animal  below 
800  pounds  in  weight;  but  in  Australians  of  1,000  pounds  in  weight  and  upward 
the  dose  may  be  increased  by  the  addition  of  half  a  grain  up  to  9  or  even  10  grains 
twice  daily  for  the  same  period.  The  dose  should  then  be  gradually  reduced  by  half 
a  grain  or  1  grain,  according  to  the  condition  of  the  patient,  until  a  4-grain  dose  has 
been  reached.  Again,  if  possible,  after  a  peroid  of  2  days,  repeat  the  treatment, 
increasing  and  decreasing  the  dose  of  arsenic  as  above  described.  But  the  fact  must 
never  be  lost  sight  of,  that,  if  arsenic  be  administered  to  an  animal  for  a  prolonged 
period,  symptoms  of  gastric  irritation  will  supervene  sooner  or  later.  It  has  been 
found  that  by  giving  kaunjib  to  the  animal,  morning  and  evening,  directly  after  the 
medicine,  the  above-mentioned  symptoms  have  not  made  their  appearance;  conse- 
quently, it  would  be  advisable  to  give  kaunji  to  the  animals  from  the  commencement 
of  the  arsenical  treatment. 

"  6.  Daily  microscopic  observations  of  the  blood  should  be  made,  and  the  number 
of  organisms  recorded  on  a  chart  for  ready  reference,  together  with  the  temperature, 
pulse,  and  respirations  of  the  patient,  which  should  be  taken  three  times  daily, 
namely,  8  a.  m.,  1  p.  m.,  and  5  p.  m. 

"  7.  Most  animals  will  take  the  drug  in  one  or  two  pints  of  water  from  a  bucket 
without  any  trouble.  If  this  be  found  occasionally  impracticable,  the  arsenic  can 
be  mixed  with  the  corn  and  bran  in  the  form  of  liquor  arseniealis;  but  in  obstinate 
cases  the  medicine  will  have  to  be  administered  to  the  animal  in  the  form  of  a  bolus 
or  in  a  draught. 

"8.  Acute  desquamative  nephritis  is  a  common  complication  of  surra,  but  it  must 
not  contraindicate  the  administration  of  arsenic,  although  the  maximum  doses  can 
not  be  maintained;  otherwise  the  animal  will  have  a  relapse  and  ultimately  succumb 
to  the  disease. 

*  The  compound  tincture  of  lavender  may  be  omitted,  but  the  animals  under 
treatment  take  the  medicine  more  readily  when  it  is  present. 

b  Linseed,  rice — a  a  one-half  pound.  Add  water  a  sufficiency.  Boil  for  three- 
fourths  hour,  and  give  when  cool. 
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(3  rains. 


Arsenious  acid  (in  powder) 
Carbonate  of  potassium  
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"9.  Animals  suffering  from  surra,  as  a  general  rule,  have  voracious  appetites.  It 
has  been  found  by  practical  experience  that  the  following  amounts  of  hay,  corn,  etc., 
are  necessary  for  an  Australian  horse  weighing  1,000  pounds  and  over;  for  on  this 
the  animal  keeps  in  fair  condition  and  during  convalescence  puts  on  flesh  rapidly: 

Hay,  15  to  20  pounds  

Lucerne  (fresh),  10  pounds  

Barley,1  8  to  14  pounds  


Gram,  6  to  10  pounds  

Bran,  1£  to  3  pounds  

Salt,  1£  ounces  

"  10.  When  once  the  organism  of  surra  has  vanished  for  some  days  from  the  circula- 
tion of  the  animal  under  treatment,  gentle  exercise,  commencing  with  500  yards  and 
gradually  increasing  to  1  mile,  morning  and  evening,  may  be  allowed.  But  if  the 
temperature  becomes  elevated,  all  exercise  must  be  stopped  until  the  former  again 
registers  within  normal  limits. 

"11.  The  exudation  of  semisolid  material  (edema)  into  the  subcutaneous  tissues, 
notably  that  of  the  lower  extremities,  sheath,  and  undersurface  of  the  abdomen, 
generally  becomes  absorbed  after  a  time  under  the  influence  of  arsenic  and  exercise, 
but  this  may  be  accelerated  by  daily  massage  of  the  body  and  limbs. 

"12.  Surra  horses,  under  treatment  with  arsenic  for  long  periods,  and  which  even- 
tually die,  at  their  autopsies  frequently  present  some  atrophy  of  the  spleen.  Conse- 
quently, subcutaneous  injections  of  infusion  of  spleens  have  been  made  in  order  to 
ascertain  whether  the  material  injected  would  perform  the  function  of  the  atrophied 
organ.   Encouraging  results  have  been  obtained. 

"13.  Certain  of  the  horse-surra  cases  under  treatment  somewhat  suddenly  developed 
symptoms  of  chronic  arsenical  poisoning.  These,  which  include  partial  loss  of  power 
over  the  hind  quarters,  crossing  of  the  hind  limbs  when  walking,  and  general 
unsteadiness  and  nervous  tremors,  usually  proved  fatal  within  48  hours,  although 
the  further  administration  of  the  drug  was  immediately  discontinued  on  their  recog- 
nition. In  some  of  the  later  cases  under  our  treatment  these  fatal  symptoms  have 
been  successfully  combated  by  the  subcutaneous  injection  of  infusions  of  spleen  and 
testicle  (sheep). 

"14.  The  question  with  regard  to  the  administration  of  arsenic  to  animals  at  the 
commencement  of  the  rains  as  a  preventive  in  districts  where  surra  is  epizootic  is  one 
worthy  of  trial.  A  dose  of  5  grains  of  arsenic  in  the  form  of  liquor  arsenicalis  (10 
drams)  given  once  a  day  in  the  drinking  water  to  each  animal  could  not  fail  to 
produce  a  beneficial  effect,  and  could  with  safety  be  continued  for  a  month  at  a 
time.  The  dose  of  arsenic  should  then  be  gradually  reduced  every  3  days  by  half 
a  grain  at  a  time  until  it  is  discontinued  altogether.  An  interval  of  7  days  should 
then  be  allowed  to  elapse  and  again  the  same  process  persevered  in,  with  intervals, 
until  the  termination  of  the  rains  or  end  of  October." 

[The  following  important  circular  regarding  treatment  has  recently 
been  issued  in  the  Philippines: 

Circular,  \  Headquarters  Division  of  the  Philippines, 


Ihe  board  ordered  to  inquire  into  and  investigate  a  disease  of  animals  called 
"surra"  have  found  that  Fowler's  solution  of  arsenic  given  intravenously  destroys 
parasites  in  nearly  every  case,  and  animals  so  treated  are  doing  well;  but  such  treat- 
ment is  as  yet  not  conclusive  as  to  cure.  Such  treatment  may  be  tried  at  all  points 
where  animals  are  infected. 


or 


•Daily. 


Manila,  P.  I.,  January  11,  1902. 


•Boil  half  the  daily  quantity  given  to  the  animal  morning  and  evening  with  half 
the  amount  of  salt  for  1J  hours,  then  mix  with  the  bran  and  give  when  nearly  cold. 
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The  board  also  reports  that  common  house  flies  taken  on  sick  animals  have  been 
found  full  of  parasites,  and  it  is  therefore  ordered: 

That  all  abrasions  or  wounds  be  kept  covered  to  prevent  possibility  of  infection 
from  this  source. 

By  command  of  Major-General  Chaffee: 

W.  P.  Hall, 
Assistant  Adjutant- General. 

Undoubtedly  the  intravenous  injection  of  arsenic  will  be  found  much 
more  satisfactoiy  than  Lingard's  method.  Regarding  the  flies,  a  con- 
fusion has  taken  place.  The  fly  referred  to  is  the  stable  fly  (Stomoxys 
calcitrans),  not  the  common  house  fly  (Musca  domestica).  The  latter 
species  does  not  bite.] 

PREVENTION  OF  SURRA. 

A  number  of  authors  have  urged  the  earliest  possible  removal  of 
animals  to  camps  or  to  healthier  grounds  as  soon  as  surra  breaks  out. 
Several  authors  propose  that  greater  care  be  exercised  in  regard  to 
the  food,  water,  and  care  of  the  animals.  In  discussing  preventive 
measures,  Pease  (1897,  pp.  561-562)  makes  the  following  interesting 
remarks: 

"The  methods  of  prevention  suggested  by  Burke  have  been  suggested  years  ago 
for  other  diseases,  and  have  been  consequently  carried  out  as  far  as  is  practicable, 
and,  I  regret  to  say,  are  found  to  prove  ineffective  in  regard  to  surra.  If  the  animals 
remain  in  a  surra  zone,  as  in  many  cases  they  must  do,  the  most  minute  precautions 
appear  to  be  valueless.  In  this  regard  the  following  case  may  be  quoted.  The 
Naini  Tal  horse  dak  line,  running  from  Kathgodiim  to  Naini  Tal,  have  for  years 
suffered  great  losses  from  the  disease.  In  order  to  eliminate  as  far  as  possible  every 
imaginable  means  of  introducing  the  disease,  the  following  precautions  were  taken: 

"  1.  All  the  water  given  to  the  horses  to  drink  was  thoroughly  boiled. 

"2.  No  animal  was  allowed  to  drink  water  or  graze  anywhere  outside.  Muzzles 
were  worn  whilst  they  were  at  work. 

"3.  The  hay  upon  which  they  were  fed  was  especially  collected,  under  European 
supervision,  from  the  high  mountains,  at  an  elevation  of  from  5,000  to  6,000  feet, 
and  carefully  stacked. 

"  4.  No  green  fodder  of  any  kind  was  allowed. 

"5.  All  grain  was  carefully  hand-picked  and  screened  before  use. 

"  6.  Thorough  cleanliness  and  disinfection  of  the  stables  were  maintained,  and  the 
animals  were  well  protected  from  the  weather. 

"The  management  of  these  animals  was  perfect,  the  superintendent  being  a 
European  of  great  experience. 

"  Result  of  the  precautions:  Every  single  horse  belonging  to  the  company  perished 
from  surra  in  the  season  (1896) . 

"In  the  same  way  the  disease  annually  occurs  in  the  Bombay  tramway  stables,  a 
perfectly  managed  concern. 

"This  points,  to  the  conclusion  that  there  is  some  other  method  of  introduction  in 
these  cases,  possibly  flies,  which  we  can  not  guard  against." 

Lingard's  (1899,  pp.  69-70)  suggestions  as  to  prevention  are  sum- 
marized as  follows: 

PREVENTION  AND  LEGISLATION. 

"As  it  is  recognized  that  surra  may  be  propagated  in  animals  by  means  of  drink- 
ing water,  fodder,  rat  excrement  mixed  with  corn,  and  the  bite  of  certain  kinds  of 
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flies,  the  following  rules  for  guidance  were  drawn  up  some  years  ago  (1894),  and 
owners  of  dak  animals  in  certain  surra  localities  were  informed  of  the  best  means  of 
trying  to  protect  their  animals  from  acquiring  the  contagium.  The  following  are  the 
most  important: 

"1.  All  water  for  drinking  purposes  should  be  boiled,  when  possible,  from  [dur- 
ing the  months  of]  June  to  October,  inclusive,  before  being  given  to  the  animals  at 
stations  in  districts  infected  with  surra. 

"2.  Hay  should  be  made  in  cold  weather  (October  to  January),  and  stacked  for 
the  use  of  animals  during  the  rains.  The  hay  is  to  be  obtained  from  uplands,  or 
from  land  not  subjected  to  inundation,  or,  better  still,  from  land  entirely  beyond  the 
affected  area.  Green  food  should,  during  the  rainy  season,  be  prohibited,  unless  it 
is  brought  from  without  the  surra  area. 

"  3.  All  gram  and  corn  to  be  screened  and  cleaned  before  being  given  as  food. 

"4.  The  use  of  the  bel  (creeper)  leaves  as  food  to  be  discontinued  during  the 
months  of  June  to  September,  inclusive." 

"Suggestions  applicable  to  animals  working  on  certain  dak  lines  where  surra 
appears  annually  in  the  rains: 

"1.  Dak  animals,  when  returning  to  their  own  stage,  should  not  be  allowed  to 
graze  or  drink  water  along  the  road,  especially  during  the  months  of  May  to  October, 
inclusive. 

"2.  A  light  preventive  muzzle  might  be  introduced. 

"3.  All  diseased  animals  should  at  once  be  isolated  at  a  considerable  distance 
from  healthy  ones,  and  subsequently  destroyed  if  not  subjected  to  treatment. 

"4.  All  carcasses  should  be  burned,  together  with  the  dung  and  stable  litter, 
where  wood  is  available  for  the  purpose;  otherwise,  deep  holes  should  be  dug  and 
the  bodies  buried  at  a  depth  of  6  feet. 

"5.  Stables  should  be  erected  on  high  ground,  and  not,  as  so  frequently  happens, 
in  a  hollow  bordering  on  the  bed  of  a  river. 

"It  is  well  known  that  surra,  when  untreated,  is  an  absolutely  fatal  malady,  the 
disease  taking  an  unusually  rapid  course  in  the  case  of  overworked  animals.  When 
once  the  disease  is  diagnosed  the  animal  is  useless.  Isolation  and  subsequent  destruc- 
tion, therefore,  would  entail  no  hardship  to  owners;  and  power  to  enable  officers  to 
enforce  it,  and  the  burning  of  all  diseased  carcasses,  would  be  a  great  step  toward 
the  limitation  of  outbreaks. 

"The  question  of  the  introduction  of  an  act  to  limit  the  spread  of  surra,  as  in  the 
case  of  glanders,  is  an  important  one.  It  would  be  useless,  however,  to  bring  one 
class  of  animals  (tonga  ponies)  under  an  act  unless  the  other  (ekka  ponies)  were 
likewise  included;  for  at  present  the  former  only  are  under  compulsory  registration, 
although  the  latter  are  quite  as  numerous. 

"No  government  official  can  interfere  with  animals  the  subjects  of  surra;  conse- 
quently, only  advice  can  be  given  to  the  owners  as  to  the  best  means  of  prevention 
against  the  spread  of  the  disease." 

Some  of  these  suggestions  appear  to  be  rather  difficult  of  execution 
and  others  appear  to  us  unnecessary. 

Considering  the  present  status  of  the  subject,  we  would  suggest  the 
following  points  for  consideration  in  the  Philippines: 

(1)  As  horses  and  mules  are  more  severely  affected  than  donkeys 
and  cattle,  it  would  be  well  to  depend  upon  the  former  as  little  as  pos- 
sible. Transportation  trains  using  donkeys  and  cattle  will  be  less 
liable  to  destruction  than  those  using  horses  and  mules. 

(2)  Avoid  the  introduction  of  Australian  horses. 
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(3)  Avoid  light-colored  animals  as  much  as  possible;  the  darker  the 
animal  the  safer  he  appears  to  be  from  the  attacks  of  flies. 

(4)  Isolate  infected  animals  and  protect  them  from  flies,  especially 
if  they  have  wounds  or  sores  of  any  kind.  A  coating  of  tar  and  lin- 
seed oil  or  any  similar  substance  over  a  cut  will  protect  it  from  flies. 

(5)  Protect  stock  from  flies  in  wet  weather  by  use  of  smudges  and 
by  smearing.  Among  the  various  substances  used  for  this  purpose 
may  be  mentioned  the  following: 

PREVENTIVES. 

"Smudges  had  thus  far  proved  the  best  method  of  protecting  animals  in  the  field 
against  buffalo  gnats.  Thoughtful  planters  are  in  the  habit  of  collecting  and  storing 
during  the  year  all  kinds  of  material  that  will  produce  a  dense  and  stifling  smoke; 
such  materials  are  old  leather,  cast-off  clothing,  dried  dung,  etc.  As  soon  as  large 
swarms  of  gnats  appear,  and  the  stock  is  threatened  by  them,  fires  are  started  in  dif- 
ferent parts  of  the  plantation,  and  are  kept  burning  as  long  as  the  danger  lasts. 
Anything  that  will  produce  smoke  is  thrown  upon  the  smoldering  logs,  and  the  most 
offensive  is  considered  the  most  useful.  If  the  time  for  plowing  has  arrived,  smudges 
are  located  in  the  fields  in  such  a  manner  that  the  smoke  is  drifted  by  the  wind  over 
the  teams  at  work.  Such  smoke-producing  fires  are  also  kept  burning  in  the  cities, 
and  they  are  found  in  front  of  every  livery  and  street-car  stable,  as  well  as  of  such 
stores  as  employ  draft  horses  or  mules.  If  these  animals  have  to  be  upon  the  roads, 
they  may  usually  be  somewhat  protected  by  tin  pails  in  which  some  smudge  is  kept, 
and  which  are  suspended  from  their  necks  and  from  the  wagons. 

"Animals  may  also  be  protected  with  a  layer  of  mud  or  a  coat  of  sirup.  It  has  been 
found  that  animals  which  have  shed  their  rough  winter  coat  of  hair  and  have  become 
smooth  are  not  as  much  troubled  as  others  still  covered  with  long  hairs.  The  gnats 
find  it  much  more  difficult  to  obtain  a  foothold  upon  a  smooth  skin,  and  the  clipping 
of  the  hair  in  early  spring  is  therefore  advisable. 

' '  Buffalo  gnats  have  a  great  aversion  to  entering  dark  places,  and  stables  thoroughly 
darkened  are  safe  places  for  rtock  of  all  kinds  in  a  gnat  season.  The  odor  of  ammo- 
nia prevailing  in  such  stables  may  also  to  some  extent  prevent  the  insects  from 
entering.  Planters  with  a  small  acreage,  therefore,  prefer  to  keep  their  horses  and 
mules  in  the  stable  instead  of  working  them  in  the  field.  For  the  same  reason  the 
owners  of  livery  stables  will  not  allow  their  animals  to  be  taken  outside  the  city 
limits  if  gnats  are  numerous  enough  to  be  dangerous. 

"But  the  great  majority  of  planters  can  not  wait  for  the  disappearance  of  the  pest, 
and  have  to  resort  to  other  defensive  means.  Various  external  applications  have 
been  used  to  this  effect.  Decoctions  of  alder  leaves,  tobacco,  pennyroyal,  and  other 
herbs  have  been  tried  with  a  view  of  preventing  gnats  from  biting  mules  while  at 
work;  but  all  of  them  have  proven  ineffective.  At  a  time  when  small  swarms  of 
turkey  gnats  were  tormenting  mules  plowing  in  the  field  one  side  of  the  animal  was 
moistened  by  Mr.  Lugger  with  various  insecticides,  while  the  other  side  was  not 
protected  at  all.  By  following  the  animal  and  watching  the  gnats  it  was  soon 
observed  that  any  offensive  smelling  substance  would  drive  the  gnats  from  the  pro- 
tected side  to  the  unprotected  one.  Kerosene  emulsion,  pyrethrum  powder  sus- 
pended in  water,  diluted  carbon  bisulphide,  and  dissolved  tobacco  soap  were  all 
used  in  turn,  and  all  seemed  to  produce  the  same  effect.  Several  times  the  whole 
animal  was  carefully  sponged  with  the  one  or  the  other  of  the  above  substances. 
For  a  time  the  gnats  would  not  settle  upon  the  animal;  but  in  the  course  of  two 
hours  the  beneficial  effect  of  these  insecticides  was  gone  and  the  insects  were  no 
longer  kept  away. 
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' '  Experience  shows  that  the  best  preventive  is  grease  of  various  kinds.  The  follow- 
ing kinds  are  the  most  important:  Cotton-seed  oil  alone,  or  mixed  with  tar,  fish  oil, 
gnat  oil;  a  combination  of  stinking  oils  alone,  or  mixed  with  tar  or  kerosene  oil, 
crude  coal  oil,  kerosene  oil,  kerosene  oil  mixed  with  axle  grease,  and  others.  To  be 
effective,  the  grease  must  be  used  at  least  twice  during  the  day,  because  as  soon  as 
its  offensive  odor  disappears  it  becomes  inoperative.  All  such  applications  are  of 
no  advantage,  however,  on  stock  running  at  large.  Gnat  oil  is  very  extensively 
used,  but  it  is,  like  the  rest  of  the  remedies,  very  apt  to  remove  the  hair.  In  fact, 
all  these  different  kinds  of  oil  and  grease  are  more  or  less  injurious  to  the  animals, 
because  a  continued  coating  with  them  weakens  the  system. 

"The  employees  of  the  Hudson  Bay  Company  protect  themselves  and  their  stock 
against  the  bites  of  the  "black  fly"  by  the  use  of  oil  of  tar,  and,  as  long  experience 
has  shown,  it  to  be  a  simple  and  easily  applied  wash,  we  strongly  recommend  its  use. 
A  quantity  of  coal  tar  is  placed  in  the  bottom  of  a  large  shallow  receptacle  of  some 
sort,  and  a  small  quantity  of  oil  of  tar,  or  oil  of  turpentine,  or  any  similar  material, 
is  stirred  in.  The  receptacle  is  then  filled  with  water,  which  is  left  standing  for 
several  days  until  well  impregnated  with  the  odor.  The  animals  to  be  protected  are 
then  washed  with  this  water  as  often  as  seems  to  be  necessary. 

"As  long  as  stock  in  the  infested  region  is  suffered  to  run  at  large,  and  is  neither 
provided  with  shelter  nor  food  during  the  winter  months,  it  will  suffer  severely  from 
the  gnats.  Animals  well  cared  for  can  stand  the  attacks  of  the  gnats  far  better,  and 
do  not  perish  as  readily.  Illtreated  and  unhealthy  mules  and  those  bruised  and  cut 
are  the  first  to  die,  and  the  prevailing  opinion  of  intelligent  planters  is  to  the  effect 
that  well-cared-for  mules,  if  greased  twice  a  day  when  working  in  the  field,  seldom 
die  even  when  attacked."    (Osborn,  1896,  pp.  36-37.) 

Storcty  (1899,  p.  14)  gives  a  figure  of  a  pony  in  pajamas  as  a  protec- 
tion against  tsetse  fly. 

(6)  So  far  as  possible,  avoid  camping  in  moist  and  marshy  localities. 

(7)  So  far  as  possible,  prevent  flies  from  breeding.  Since  many 
flies — and  among  these  the  biting  stable  fly  (see  p.  109) — breed  in 
manure,  the  fly  pest  may  be  greatly  lessened  by  a  proper  handling  of 
the  dung.  The  outside  manure  pile  should  be  abolished,  and  every 
stable  should  have  attached  to  it  a  well-screened  dark  closet  in  which 
the  droppings  can  be  collected.  A  small  shovelful  of  chloride  of  lime 
scattered  over  the  freshly  collected  manure  every  morning,  together 
with  keeping  the  manure  in  the  dark  and  screened,  will  do  much 
toward  preventing  the  increase  of  flies. 

HORSEFLIES  (FAMILY  TABANID^). 

In  order  to  place  interested  persons  in  immediate  possession  of  the 
more  important  points  in  regard  to  horseflies  of  the  family  Tabanidae, 
the  following  account  of  these  insects  is  quoted  from  Osborn  (1896,  pp. 
58-71): 

"The  members  of  this  family  are  large,  some  of  them  being  among  the  largest  of 
the  order  Diptera,  and  the  females  are  provided  with  powerful  mouth  parts  by 
means  of  which  they  inflict  very  painful  bites  upon  cattle,  horses,  and  other  ani- 
mals. Man  does  not  escape,  and  as  they  are  able  to  penetrate  even  thin  clothing 
worn  in  summer,  they  sometimes  become  a  source  of  annoyance  to  workmen  in  fields. 

"The  bodies  are  never  very  hairy,  the  head  is  large  and  composed  almost  entirely 
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of  the  eyes,  which  during  life  are  of  brilliant  colors  and  varied  reflections.  The 
antennae  are  prominent  and  the  third  joint  is  composed  of  from  three  to  eight 
minute  rings,  a  character  which,  with  the  large  eyes,  distinguishes  them  at  once 
from  nearly  all  other  large  flies.  The  strong  piercing  mouth  parts  of  the  female  are 
composed  of  six  lancet-like  organs,  while  in  the  male  there  are  but  four  and  these 
are  not  adapted  to  piercing  the  skin  of  animals.  The  males,  and  also  the  females, 
if  not  finding  other  food,  feed  upon  the  nectar  of  blossoms  or  the  juices  of  plants, 
exuding  sap  from  trees,  etc. 

"The  flight  of  these  flies  is  very  strong  and  rapid  and  is  attended  with  a  buzzing, 
tormenting  noise.  The  males  may  often  be  seen  with  the  wings  vibrating  so  rapidly 
that  they  become  invisible,  resting  motionless  in  one  place  and  then  darting  rapidly 
and  resting  suddenly  again,  generally  turning  the  head  in  some  other  direction  each 
time  they  dart.  St.  Fargeau  has  ascertained  that  this  maneuvering  is  performed  in 
order  to  intercept  and  seize  the  females.  The  power  of  vision  is  apparently  in  pro- 
portion to  the  size  of  the  eyes.  Br.  Williston  says  'that  they  can  see  for  a  long 
distance  seems  certain.  On  the  uninhabited  plains  east  of  the  Rocky  Mountains  the 
writer  has  frequently  seen  them  coming  from  a  long  distance,  attracted  by  the  sight 
of  the  horse  on  which  he  rode.' 

"Such  of  the  larvse  as  are  known  are  either  aquatic  or  live  in  moist  earth  and  are 
carnivorous,  hence  they  may  in  some  degree  compensate  for  the  bloodthirsty  habits 
of  the  adult  females.  But  notwithstanding  the  abundance  of  the  insects,  very  little 
has  been  done  toward  determining  the  early  stages  of  the  species.  More  than  a 
century  ago  De  Geer  described  the  larva  of  the  common  European  species,  Tabanus 
bovinus,  and  up  to  1864  this  was  the  only  larva  of  the  kind  known.  In  that  year 
Mr.  Walsh  described  a  tabanid  larva  (Proc.  Bost.  Soc.  Nat.  Hist.,  Vol.  IX,  pp. 
302-306),  but  without  obtaining  the  adult  form.  In  1869  Professor  Riley  bred  the 
same  kind  of  larva  to  the  adult  form  and  described  the  various  stages  (Second  Rep. 
Mo.  State  Entom.,  pp.  128-132),  the  insect  proving  to  be  Tabanus  alratus  Fab.,  which 
is  described  further  on. 

"Dr.  Williston  says:  'The  spindle-shaped  brown  or  black  eggs  are  found  in 
spherical  or  flat  groups,  stuck  together,  and  attached  to  the  leaves  or  stems  of  grass 
and  other  plants;  those  of  the  aquatic  larvae  are  fastened  to  rushes.  The  larvae  are 
carnivorous;  many  live  in  the  earth,  others  in  water.  They  are  predaceous,  often 
upon  snails  and  injurious  insects,  thus  in  a  measure  repaying  the  agriculturist  for  the 
molestation  they  cause  him.  The  young  larvae  are  known  to  penetrate  beetles  or 
other  larvae  and  remain  within  them  till  they  have  completely  consumed  them,  and 
their  enlarged  bodies  have  filled  out  the  skins.  Thus  the  larva?  of  Hsematopota 
have  been  observed  feeding  upon  Helops  and  those  of  Tabanus  upon  Noctuse.' 
(Stand.  Nat.  Hist.,  Vol.  II,  p.  417.) 

"Quite  recently  Mr.  C.  A.  Hart  has  made  a  notable  contribution  to  our  knowledge 
of  this  subject,"  which  will  be  drawn  from  in  discussing  the  early  stages  of  particular 
species. 

"Authors  generally  agree  that  the  after  effects  of  the  bites  of  these  insects  are  less 
injurious  than  those  of  mosquitoes  or  buffalo  gnats.  The  painfulness  of  the  bite  and 
the  terror  inspired  by  their  presence  is,  however,  a  source  of  great  torment  to 
animals  that  are  almost  helpless  in  protecting  themselves  against  them.  The 
puncture  they  make  is  large,  and  after  the  proboscis  is  withdrawn  there  is  not 
unfrequently  an  exudation  of  blood  from  the  wound.  This  would  tend  to  remove 
any  poisonous  injection,  but  since  there  is  rarely  any  swelling  or  inflammation  pro- 
duced by  these  bites,  it  would  appear  that  no  poison  is  conveyed  upon  their  piercing 
organs.  Dr.  Packard  speaks  of  cattle  and  horses  being  '  occasionally  killed  by  their 
repeated  harassing  bites,'  and  while  this  seems  to  be  rather  strong  language,  and  we 
will  refer  to  it  again  in  considering  Tabanus  lineola,  there  is  no  question  that  the 
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effects  are  serious  enough,  so  that  it  is  desirable  to  protect  animals  as  far  as  possible 
from  their  bites. 

"With  horses  in  use  the  common  practice  of  protecting  with  nets  is  the  most 
effective  method  we  know  of,  but  for  animals  in  pasture  it  would  be  particularly 
desirable  to  find  some  substance  which  could  be  rubbed  over  the  hair,  and,  retaining 
its  properties  for  a  reasonable  length  of  time,  have  sufficient  repelling  power  to  keep 
the  flies  away. 

"The  larvae  are  not  open  to  successful  attack,  and  even  if  they  were,  the  fact  that 
most  of  them  are  probably  beneficial  should  deter  us  from  using  destructive  meas- 
ures against  them. 

"They  are  widely  distributed,  and  species  occur  in  all  parts  of  the  world,  tortur- 
ing alike  the  elephant  and  lion  of  the  tropics  and  the  peaceful  reindeer  of  the  arctic 
region.  It  is  during  the  hottest  summer  months  that  they  are  the  most  abundant, 
and  they  frequent  both  our  timbered  and  prairie  regions. 

"The  species  are  quite  numerous,  over  1,300  being  known,  of  which  about  150  are 
credited  to  North  America.  Manifestly  it  would  be  impossible  in  a  work  like  this  to 
even  mention  more  than  a  few  species,  and,  since  so  little  is  known  of  the  early 
stages,  there  is  no  necessity  for  treating  each  species  in  detail.  We  will  therefore  in 
considering  the  species  simply  refer  to  the  more  common  ones,  the  habits  of  which 
have  been  observed,  and  more  particularly  those  occurring  in  this  country. 

"Osten  Sacken's  admirable  'Prodrome  of  a  Monograph  of  the  Tabanidse  of  the 
United  States '  in  Memoirs  of  the  Boston  Society  of  Natural  History  ( Vol.  II,  Part 
IV,  Nos.  1  and  4)  will  enable  anyone  to  make  a  thorough  study  of  our  native  species. 

The  Black  Gad  Fly,  or  Breeze  Fly. 


( Tdbaims  atratw  Fab.) 

"Probably  this  is  the  largest  species  in  the  family,  and  it  is  certainly  one  of  the 
most  conspicuous,  being  quite  common  and  of  such  a  decided  black  color  as  to  attract 

attention  either  on  the  wing  or 
when  perched  on  the  back  of 
some  poor  animal  that  tries  in 
vain  to  drive  it  off.  Fabricius 
described  it  in  1794  (Ent.  Syst, 
Vol.  IV,  p.  366).  Walsh  de- 
scribed its  larva  in  1864  (Proc. 
Bost.  Soc.  Nat.  Hist.,  Vol.  IX, 
pp.  302-306),  and  in  Riley's  Sec- 
ond Missouri  Report  (p.  128)  its 
life  history  is  given  except  the 
egg  and  early  larval  stages.  Its 
bite  is  one  of  the  most  severe  of 
the  tribe,  but  fortunately  the  spe- 
cies does  not  occur  in  such  great 
numbers  as  the  greenhead  fly. 
Its  attacks  seem  more  commonly 
directed  against  cattle  than 
horses,  and  it  is  most  noticeable  in  sunny  pastures,  though  occasionally  seen  perched 
on  trees  or  the  side  of  some  building.  The  eggs  are  doubtless  deposited  in  the  vicinity 
of  water,  in  moist  places,  but  the  exact  details  of  oviposition  are  unknown. 

'"The  larva  (fig.  97,  a)  is  a  large,  twelve-jointed,  cylindrical  affair,  tapering  at 
each  end,  of  a  transparent,  highly  polished,  glassy ,  yellowish,  or  greenish  appearance, 
shaded  with  bluish  green  and  furnished  above  and  below,  as  in  the  figure,  with  large, 
roundish,  sponge-like  tubercles  which  are  retracted  or  exserted  at  the  will  of  the 
insect.    Though  the  external  integument  is  so  transparent  that  the  internal  structure 


Fig.  97.- 


■  Tabanm  atratun:  a,  larva;  b,  pupa; 
Riley). 


,  adult  (after 
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is  readily  visible,  yet  this  integument  is  firm  and  the  larva  most  vigorous  and  active, 
burrowing  with  great  strength  either  backward  or  forward  in  the  earth  and  between 
one's  fingers  when  it  is  being  held.  Placed  in  water  it  will  swim  vigorously  by  sud- 
denly curling  round  and  lashing  out  its  tail,  but  it  is  apparently  not  as  much  at  home 
in  this  element  as  in  the  moist  earth,  for  it  is  restless  and  remains  near  the  surface 
with  the  tip  of  its  tail  elevated  in  the  air.  When  the  water  is  foul  it  moves  about 
actively  near  the  surface,  but  when  it  is  fresh  it  remains  more  quietly  at  the  bottom. 
The  specimen  which  I  succeeded  in  breeding  was  sent  to  me  by  Mr.  Adolph  Engel- 
mann,  of  Shiloh,  St.  Clair  County,  111.  It  was  found  by  Mr.  William  Cooper,  of  the 
same  county,  about  10  feet  from  a  small  but  permanent  body  of  water.  Mr.  Cooper 
at  first  took  it  to  be  a  leech,  and  when  he  attempted  to  capture  it  it  immediately 
commenced  burrowing  in  the  ground.'  . 

"The  larva  reared  by  De  Geer  was  terrestial.  This  larva  is  semiaquatic,  for  it  is 
quite  at  home  either  in  moist  earth  or  water.  My  specimen  was  kept  for  over  two 
weeks  in  a  large  earthen  jar  of  moist  earth  well  supplied  with  earthworms. 

"It  manifested  no  desire  to  come  to  the  surface,  but  burrowed  in  every  direction 
below.  I  found  several  pale,  dead  worms  in  this  jar,  though  I  can  not  say  positively 
whether  they  had  been  killed  and  sucked  by  this  larva.  Mr. 


Walsh,  in  speaking  of  its  haunts  and  its  food,  says: 

'"I  have,  on  many  different  occasions,  found  this  larva  among 
floating  rejectamenta.  On  one  occasion  I  found  six  or  seven 
specimens  in  the  interior  of  a  floating  log,  so  soft  and  rotten  that 
it  could  be  cut  like  cheese.  Once  I  discovered  a  single  specimen 
under  a  fiat,  submerged  stone,  in  a  little  running  brook.  Finally, 
I  once  met  with  one  alive,  under  a  log,  on  a  piece  of  dry  land 
which  had  been  submerged  two  or  three  weeks  before,  whence 
it  appears  that  it  can  exist  a  long  time  out  of  water.  I  had  on 
several  previous  occasions  failed  to  breed  this  larva  to  maturity, 
and  the  only  imago  I  have  was  obtained  in  1861  from  larva\ 
which,  suspecting  them  to  be  carnivorous  from  the  very  varied 
stations  in  which  they  had  occurred,  I  had  supplied  with  a  num- 
ber of  fresh-water  mollusks,  but  the  habits  of  which,  in  conse- 
quence of  having  been  away  from  home,  I  was  unable  to  watch. 
On  September  22,  1863,  I  found  a  nearly  full-grown  larva  among 
floating  rejectamenta,  and  between  that  date  and  December  23 
he  had  devoured  the  mollusks  of  eleven  univalves  (genus  Plu- 
norbis)  from  one-half  to  three-fourths  of  an  inch  in  diameter; 
and  on  three  separate  occasions  I  have  seen  him  work  his  way 
into  the  shell.  In  this  operation  his  pseudopods  were  ener- 
getically employed,  and  I  found,  on  cracking  the  shells  after 
he  had  withdrawn,  that  a  small  portion  of  the  tail  end  of  the 
animal  was  left  untouched— no  doubt  in  consequence  of  his  being 
unable  to  penetrate  the  small  end  of  the  whorl  of  the  shell — 
and  also  the  skin  of  the  remaining  part  and  the  horny-tongued 
membrane. 


"  '  My  larva  transformed  to  pupa  within  the  ground  during  the  Fig.  98—  Tabanus 
fore  part  of  July;  it  remained  in  this  state  but  a  few  days  and  atratus: larvnffrom 
the  fly  issued  July  13,  and  soon  made  its  presence  known  by  its  Hart), 
loud  buzzing  inside  the  jar."  It  was  a  perfect  specimen,  and  the 
pupal  integument  was  sufficiently  firm  and  polished,  that  by  carefully  washing  off  the 
earth  an  excellent  cabinet  specimen  was  obtained,  which  retained  almost  the  exact 
form  and  appearance  of  a  living  pupa.  Before  the  escape  of  the  fly,'  which  was 
effected  through  a  longitudinal  fissure  on  the  back  of  the  head  and  thorax,  reminding 
one  of  the  mode  of  escape  of  our  harvest  flies  (Cicadse),  this  pupa  by  means  of  the 
horns  with  which  it  is  furnished  had  pushed  itself  up  to  the  surface  of  the  earth.' 

"The  pupa  (fig.  97,  6)  is  nearly  an  inch  and  a  quarter  in  length  and  a  third  of  an 
inch  in  diameter.  It  is  cylindrical,  slightly  curved,  as  in  the  figure,  rounded  at  the 
head  and  tapering  at  the  extreme  hind  portion.  The  abdominal  segments  are  all 
but  the  first  one  provided  with  a  ring  of  fine  yellowish  bristles,  pointed  backward. 
There  is  a  stout  thorn  at  the  anal  extremity,  bearing  six  other  thorns. 

"The  pupa  state  lasts  but  a  few  days  and  before  the  emergence  of  the  fly  it  is  pushed 
to  the  surface  of  the  ground  by  means  of  the  bristles  and  thorns  of  the  abdomen, 
with  bending  movements  of  the  body. 
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"  It  splits  along  the  dorsal  line  and  the  fly  emerges,  leaving  the  pupa  case  in  very- 
perfect  condition. 

"The  adult  fly  (fig.  97,  c)  is  an  inch  or  more  in  length,  black  throughout,  the  back 

of  the  abdomen  covere'd  with  a  bluish  white 
bloom  and  the  wings  smoky  black.  They  are 
common  through  the  summer  months  and  it  is 
possible  from  the  different  times  that  full-grown 
larvse  have  been  observed  that  there  is  more  than 
a  single  brood  in  a  5'ear.  It  seems  probable, 
however,  that  the  winter  is  spent  in  the  larval 
stage  and  that  the  full-grown  larva;  observed  by 
Mr.  Walsh  in  September  were  simply  late  speci- 
mens that  had  lived  over  the  previous  winter 
and  would  have  pupated  the  same  fall,  produc- 
ing the  flies  a  few  days  later,  and  these  have 
laid  eggs  to  pass  the  succeeding  winter.  Hart 
says  the  larvae  were  taken  every  month  of  the 
season  except  June,  at  which  time  they  had 
mostly  reached  the  pupa  or  imago  stage. 

"The  habits  of  the  adult  have  already  been 
sufficiently  stated,  and  as  we  have,  unfortunately, 
no  certain  means  of  repelling  them  from  cattle, 
so  as  to  prevent  the  bites,  which  is  the  only  thing  we  need  fear  from  them,  a  dis- 
cussion of  remedies  is  unnecessary. 

"It  might  be  stated,  however,  that  observations  on  the  effect  of  tar  and  oil  or 

-3 


Fig.  99.— Egg  rnusa  Tabanus  atratm  and 
single  egg  containing  parasite  (from 
Hart). 


Fig.  100.— Phanurus  tabanivorus  Ashm.  (from  Hart). 

other  substances  used  to  repel  bot  flies  would  be  of  value  in  arriving  at  some  method 
of  preventing  their  attacks. 

"  Hart  records  the  rearing  of  parasites,  Phanurus  tabanivorus  Ashm.,  from  the  egg 
masses  of  this  species.    Also  the  apparent  parasitization  of  a  larva. 
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Greenhead  Horsefly. 


Fig.  101.— Tabanus  lineola 
(from  Packard's  Guide). 


( Tabanus  lineola  Fab.) 

"This  is  generally  regarded  as  the  most  common  species  in  North  America,  and 
its  occurrence  in  all  parts  of  the  country  in  large  numbers  fully  supports  such  esti- 
mate. 

"  While  it  must  have  been  a  familiar  pest  to  the  early  inhabitants  of  the  country, 
its  first  scientific  description  was  given  by  Fabricius.  (Ent. 
Syst,  Tom.  IV,  p.  369.) 

"  Packard  (Guide  to  the  Study  of  Insects,  page  394),  says: 

"  'This  fly  is  our  most  common  species,  thousands  of  them 
appearing  during  the  hottest  part  of  the  summer,  when  the 
sun  is  shining  on  our  marshes  and  western  prairies;  horses 
and  cattle  are  sometimes  worried  to  death  by  their  harassing 
bites.  In  cloudy  weather  they  do  not  fly,  and  they  perish 
on  the  cool,  frosty  nights  of  September.' 

"And  also  in  Our  Common  Insects,  page  74: 

" '  We  were  told  during  the  last  summer  that  a  horse  which  stood  fastened  to  a  tree 
in  a  field  near  the  marshes  at  Rowley,  Mass.,  was  bitten  to  death  by  these  green- 
heads;  and  it  is  known  that  horses  and  cattle  are  occasionally  killed  by  their 
repeated  harassing  bites.' 

"This  death  of  animals  from  bites  must  be  very  rare  indeed,  for 
|    in  many  years'  residence  in  the  Mississippi  Valley,  where  the  flies 
abound,  the  author  has  never  known  of  such  an  incident,  though 
the  bites  are  certainly  a  great  torment. 

"The  flies  are  brown,  with  a  tinge  of  reddish,  and  the  abdomen 
has  a  conspicuous  whitish  line  along  the  middle.  The  eyes  are  a 
brilliant  green,  from  which  the  name  is  derived. 

"Hart  has  detailed  the  characters  of  the  early  stages  as  follows: 
'The  larva  of  this  species  closely  resembles  the  young  of  nigrescens, 
and  was  not  separated  from  it  at  first.'  Examples  of  larvae  are  said 
to  have  been  collected  in  April  and  June,  pupae  in  May,  and  imagoes 
in  May  and  June.  '  The  tabanid  pupse  develop  much  more  rapidly 
in  hot  weather  than  in  cold,  and  to  this  fact  is  probably  due  the 
difference  in  time  of  emergence.' 

"'Larva:  Length,  20  mm.;  diameter,  2.7  mm.  Prothorax  with 
lateral  shining  areas  about  as  long  as  the  dorsal  area,  striation  about 
the  same  as  that  of  the  upper  mesothoracic  area;  no  noticeable 
central  smooth  spot;  a  small  one  on  lower  margin  posteriorly; 
remaining  lateral  areas  a  little  more  finely  and  closely  striate;  dorsal 
and  ventral  areas  of  thorax  nearly  smooth  on  disk,  with  basal  striae; 
those  on  abdomen  with  moderately  close  striae,  more  or  less  inter- 
rupted on  disk;  all  areas  more  or  less  shining. 

" '  Surface  whitish,  dull  pubescent  markings  very  light  brown  but 
distinct,  annuli  narrow,  crests  of  false  feet  also  dull  pubescent,  their 
sides  striate;  lateral  stripes  of  thorax  distinct,  slender,  not  dilated 
posteriorly,  lateral  edges  of  dorsal  areas  of  thorax  diverging;  an 
opaque  dark  ring  about  the  base  of  respiratory  tube,  and  another 
encircling  anal  prominence,  above  it  usually  three  light-brown 
spots. 

"  'Main  internal  tracheae  rather  thick  and  noticeable,  subparallel, 
not  strongly  sinuate,  at  least  back  of  the  middle.  •  Terminal  stigmatal  spine  often 
protruded. 

"'Pupa:  Length,  19  mm.;  diameter,  3  mm.  Light  ferruginous  brown,  shining, 
abdomen  roughly  wrinkled  and  subopaque.  Palpal  sheaths  indistinct,  not  distant; 
tubercles  not  dark;  ocellar  tubercles  indistinct  or  wanting;  thoracic  spiracular  tuber- 
cles (fig.  103)  slightly  but  nearly  equally  elevated,  free  margin  rounded  at  tip,  rima 
not  vertical,  evenly  arcuate,  slightly  hooked  in  front. 

'"Abdominal  spiracular  tubercles  subtriangular,  narrower  behind,  obliquely  sub- 
conical,  much  shorter  than  basal  diameter,  bearing  a  small  subcircular  or  short  and 


Fig.  102.— Taba- 
nus lineola: 
pupa,  dorsal 
view— enlarged 
(from  Hart). 
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strongly  arcuate  rima  (fig.  104) ;  on  anterior  slope  a  transverse  groove,  usually  longer 
than  the  rima;  fringes  formed  of  unequal  pale  spines,  only  one  or  two  long  spines 
above  on  seventh  segment;  outer  terminal  teeth  much  longer  than  the  others, 
directed  laterally  and  upward,  the  tips  of  the  four  upper  teeth  about  in  line  (fig.  105), 
fringe  anterior  to  anal  prominence  showing  a  chitinous  webbing  between  the  bases 
of  the  spines,  so  that  the  separated  tufts  of  the  female  look  like  a  pair  of  broad,  low 
teeth  with  several  spiny  points;  lateral  tufts  low  down,  near  ends  of  ventral  fringe, 
formed  of  short  spines.' — (Hart.) 

"The  species  may  be  stated  to  have  at  least  one  natural  enemy,  for  in  the  Amer- 
ican Entomologist  (Vol.  II,  p.  337)  there  is  an  account,  by  Mr.  H.  J.  Dunlap,  of 
their  being  eaten  by  the  Nebraska  bee  killer  (Prornachus  baslardii  Macq.) . 

"This  account  is  of  considerable  interest,  and  we  quote  it  herewith: 

"  '  Champaign,  III.,  August  6,  1870. — I  send  you  an  insect  by  mail  to-day  in  a  glass 
bottle  that  has  interested  me  for  three  or  four  years.  I  am  hardly  able  to  decide 
whether  it  is  a  friend  or  foe.  My  attention  was  first  called  to  it  by  seeing  several 
around  my  team  during  summer.  Supposing  them  to  be  a  new  horsefly,  I  watched 
to  see  one  bite,  but  was  finally  rewarded  by  seeing  it  pounce  upon  a  greenhead 
(Tabanus  lineola  Fabr.).  It  settled  upon  my  sleeve  and  soon  had  transferred  the 
contents  of  Mr.  Greenhead' s  body  inside  its  own  by  sucking  the  juices  out  by  means 
of  its  stout  proboscis.  I  saw  this  operation  repeated  many  times.  The  present 
summer  I  have  seen  them  dozens  of  times,  often 

five  or  six  around  my  team,  and  have  always    |    ; — i 
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Fig.  103. — Tabanus  lineola:  spiraeular  tubercle  of  pupa — enlarged  (from  Hart). 
Fig.  104.—  Tabanus  lineola:  abdomina.  spiracle  of  pupa  (from  Hart). 
Fig.  105.—  Tabanus  lineola:  end  of  last  segment  of  pupa  (from  Hart). 

noticed  that  in  an  hour  or  so  after  they  appeared  no  more  horseflies  were  to  be 
found.  I  have  also  seen  them  'sucking'  house  flies,  lady  bugs,  chinch  bugs, 
several  moths,  and  have  also  seen  them  eat  each  other.  The  one  sent  you  had  just 
captured  a  honeybee,  for  which  offense  I  made  a  martyr  of  him  (or  her)  for  the 
benefit  of  science.  ' 

The  Gkbenhead. 

(Tabanus  costalis  Wied.) 

"This  is  another  common  species  very  abundant  in  the  prairie  States,  and  was 
described  many  years  ago.  It  is  probably  about  as  abundant  and  widely  distributed 
as  lineola,  and  causes  a  great  amount  of  annoyance  and  suffering  to  domestic  animals. 

"The  following  from  Hart  presents  our  present  knowledge  of  the  life  history  of 
the  species: 

" '  This  seems  to  be  normally  a  terrestrial  larva.  We  have  taken  it  two  or  three 
times  in  the  earth  of  cornfields  in  Champaign  County.  The  dates  given  are  May  31 
and  June  4.  Examples  were  placed  in  a  breeding  cage  and  an  imago  of  costalis  was 
secured  from  them. 

' ' '  The  imago,  known  as  the  '  greenhead, '  is  very  generally  common,  and  is  quite  a 
pest  in  some  bottom-land  prairies.  A  few  examplts  were  noted  along  shore  at  Sta- 
tion D,  August  20.  The  examples  in  our  collection  were  taken  on  twenty-two  occa- 
sions, all  between  July  15  and  August  13,  except  three  dates,  July  8  and  August  18 
and  31,  which  would  make  it  probable  that  it  is  single  brooded.  The  localities  are 
Carroll,  Lake,  Cook,  and  Ford  counties  at  the  north,  and  Fulton,  McLean,  and  Cham- 
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paign  counties  in  central  Illinois.  The  specimens  were  from  a  variety  of  situations, 
usually  in  low  herbage,  often  taken  visiting  flowers. 

" '  Larva:  Length,  20  mm. ;  diameter,  2.7  mm. ;  prothorax  with  lateral  shining  areas 
about  as  long  as  the  dorsal,  coarsely  striate,  a  smooth  spot  near  center  of  disk;  dorsal 
and  ventral  areas  of  thorax  smooth,  a  few  striae  on  those  of  metathorax,  especially 
posteriorly;  remaining  areas  moderately  striate,  lateral  areas  of  abdomen  a  little 
more  finely  striate  than  the  others;  all  more  or  less  shining. 

"'Dark  annuli  pale,  narrow,  longitudinal  stripes  scarcely  present;  false  feet  with 
dull  pubescent  crests,  their  sides  rather  finely  striate;  a  narrow  dark  annulusat  base 
of  respiratory  tubes,  another  round  base  of  last  segment,  inclosing  anal  prominence 
and  giving  off  a  pair  of  lateral  stripes,  the  lower  one  longer;  no  projecting  spines  seen. 

' ' '  Pupa  ( from  defective  cast  skin  of  male ) :  Length,  20  mm . ;  diameter,  3  mm. ;  light 
fuscous  brown,  shining;  abdomen  smoothly  wrinkled;  slightly  opaque;  prothoracic 
spiracular  tubercles  slightly  but  nearly  equally  elevated,  free  margin  rounded  at  tip, 
nma  not  vertical,  evenly  arcuate,  slightly  hooked  in  front. 

"' Abdominal  spiracular  tubercles  small,  subtriangular,  narrower  behind,  obliquely 
subcorneal,  much  shorter  than  basal  diameter,  bearing  a  very  small  subcircular  ring; 
fringes  formed  of  unequal  pale  spines,  the  longer  ones  sparse  on  seventh  segment 
above;  outer  terminal  teeth  twice  as  large  as  lower  pair,  directed  laterally  and 
slightly  backward;  upper  pair  smallest,  directed  upward;  ventral  fringe  of  last  seg- 
ment not  noticeably  webbed;  lateral  tufts  rather  high,  not  near  ends  of  ventral 
fringe. 

"'My  material  of  this  species  is  not  in  best  condition  for  accurate  comparisons.' 

Tabamw  anmUatiw  Say. 

"This  species  was  described  by  Say  in  1822  (Jour.  Acad.  Phil.,  Vol.  Ill,  p.  31; 
Comp.  Writ,  Vol.  II,  p.  53),  and  its  territory  stated  as  Missouri. 
"It  does  not  seem  to  have  received  special  notice  since. 

"It  is  probably  not  abundant  enough  to  cause  serious  annoyance  to  stock  or  is 
commonly  confused  with  some  more  common  species  and  has  consequently  received 
little  attention. 

"It  is  smaller  than  Tabanug  lineola,  the  length  of  the  body  being  a  little  more  than 
two-fifths  of  an  inch. 

"It  is  of  a  leaden-gray  color  tinged  with  reddish;  the  abdomen  blackish  brown 
with  gray  margins  to  the  segments,  the  wings  without  spots  and  slightly  dusky. 
(From  Say's  description.) 

Tabamw  stygius  Say. 

"This  species  is  almost  as  large  as  Tabanug  atratus  Fab.,  nine-tenths  of  an  inch  in 
length,  and  occurs  in  the  Mississippi  Valley.  Say's  description  in  1822  (Jour.  Acad. 
Nat.  Sci.  Phil.,  p.  33)  locates  it  in  Arkansas. 

"It  is  violet  black  and  with  the  thorax  pale  chestnut.  The  front  of  the  head  is 
yellowish,  the  thorax  with  five  gray  lines,  the  wings  rusty  with  three  brown  spots. 
(From  description  of  Say.) 

"It  is  fairly  common  at  Ames,  Iowa,  but  has  not  been  observed  as  especially 
annoying  to  stock.  It  has  a  wide  range,  however,  and  deserves  to  be  studied  with 
reference  to  its  early  stages. 

"Hart  gives  the  following  facts  concerning  the  species,  with  descriptions  of  early 
stages: 

"  'The  present  species  was  the  most  abundant  tabanid  larva  in  the  vicinity  of  Havana 
last  spring  (1895).  It  first  appeared  in  our  collections  September  14,  when  a  number 
were  noted  swimming  amidst  vegetation  near  the  margin  at  Station  B.  In  the  spring 
they  were  found  at  nearly  all  of  the  stations,  but  more  particularly  in  connection 
with  tipulid,  muscid,  and  Eristalis  larvae,  in  matted  accumulations  of  dead  stems  and 
leaves  over  mud.  They  were  especially  abundant  March  30  in  Flag  Lake,  where 
large  plump  larv<e  appeared  at  every  turn.  It  was  a  surprise  to  find  a  few  of  them 
upon  the  bottom  in  open,  shallow  water,  far  from  shore,  in  the  middle  of  Quiver 
Lake  at  Station  A.    Young  larvae  have  been  common  in  connection  with  larvae  of 
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Bittacomorpha  and  Lirnnophila  at  Station  I  since  March  17.  At  Stations  B  and  G 
they  have  been  common  in  moist  drifts  of  fine  rubbish  washed  up  by  waves.  Pupae 
were  found  in  the  breeding  cages  May  10  and  23.  One  emerged  May  27  and  another 
tried  to  emerge  June  2,  but  died  and  was  removed  from  its  case. 

"  '  The  larvae  resemble  those  of  the  lineola  group  in  their  striation 
and  coloration,  but  differ  in  their  short  lateral  prothoracic  areas 
and  larger  size.  They  are  like  atratus  in  size,  but  may  be  readily 
separated  from  it  by  their  coarser  lateral  striation,  straw-yellow 
tint,  slender  lateral  vittae,  and  usually  projecting  terminal  stigmatal 
spine. 

"  '  Larva:  Length,  45-55  mm. ;  diameter,  6-7  mm. ;  bright  straw 
yellow,  varying  in  some  young  larvae  to  nearly  clear  white,  marked 
with  light  fuscous  brown  microscopic.pubescence,  usually  paler  at 
each  stage  than  atratus. 
*i — "  'Lateral  prothoracic  striated  areas  not  more  than  half  as  long 
^.  as  the  dorsal,  striation  not  finer  than  that  of  the  middle  and  lower 

lateral  areas  of  the  inesothorax,  striated  portion  shining;  a  small 
smooth  spot  adjoining  the  impressed  line  below;  remaining  upper 
thoracic  areas  a  little  less  closely  striated,  but  not  strongly  different 
from  that  of  the  prothorax;  abdominal  lateral  areas  a  little  more 
finely  striate;  dorsal  and  ventral  areas  with  margin  striated,  disks 
nearly  smooth  in  adult  larvae,  last  segment  more  strongly  striate, 
especially  beneath. 

"'Dark  annuli  distinct,  broad,  including  false  feet,  a  distinct, 
transverse  dorsal  and  ventral  pale  spot  in  front  of  the  false  feet; 
abdominal  annuli  often  with  a  small  triangular  backward  pro- 
longation on  median  line  above.  Prothoracic  lateral  space  occu- 
pied by  a  pale  brownish  fuscous  quadrate  spot  in  front  of  the 
striated  space.  Meso-  and  meta-thoraoic  lateral  stripes  usually 
distinct,  but  slender,  scarcely  dilated  posteriorly,  lateral  edges  of 
dorsal  areas  diverging;  lateral  stripes  above  the  abdomen  almost 
wanting,  except  on  last  two  segments.  In  these  stripes  the  punc- 
tures of  the  upper  and  lower  rows  are  indicated  by  rounded  pale 
dots,  and  those  of  the  inner  rows  by  elongate  dots.  Last  segment 
with  bases  of  respiratory  tube  and  anal  prominence  encircled  with 
dark  rings,  joined  by  a  lateral  connection,  its  dorsum  with  at  most 
a  short  basal  line  or  pair  of  dots  on  each  side.  Coarser  pubescence 
of  false  feet  tipped  with  pale  brownish. 

"'Main  internal  tracheae  thick  and  noticeable,  especially  in  young  larvae,  lus- 
trous, subparallel,  not  strongly  sinuate,  nearly  straight  posteriorly;  terminal  stig- 
matal spine  dark  reddish  brown,  smooth,  usually  protruded  (fig.  107,  p.  106). 

"'Pupa  9  !  length  about  30  mm. ;  diameter  about  6  mm.; 
light  brownish  fuscous,  thorax  paler,  shining;  abdomen 
roughly  transversely  wrinkled  and  subopaque.  Palpal 
sheaths  distinct,  as  far  apart  as  are  the  setae  borne  by  the 
larger  tubercles  at  the  center  of  the  anterior  surface  of  the 
head;  surface  between  them  rounded,  bearing  a  small 
wrinkled  tubercle  at  middle;  antennae  and  tubercles  darker 
than  surrounding  surface;  ocellar  tubercles  distinct;  pro- 
thoracic spiracular  tubercles  slightly  but  evenly  elevated 
in  a  plane  parallel  with  that  of  the  surrounding  surface; 
rima  nearly  straight  in  its  outer  half,  inwardly  curving 
strongly  forward  and  ending  in  a  conspicuous  hook;  free 
margin  of  tubercles  rounded  at  tip. 

"  '  First  abdominal  with  two  distinct  setse  each  side  above 
the  spiracles;  abdominal  spiracular  tubercles  rounded, 
broad  behind,  low,  subhemispherical,  rima  long,  following 
posterior  border  of  tubercle,  slightly  curved  at  middle, 
more  strongly  curved  forward  at  each  end;  on  anterior 
surface  a  transverse  groove  extending  across  the  tubercle, 
but  not  as  long  as  the  rima.  Fringes  of  unequal  spines, 
often  tipped  with  blackish,  all  but  two  of  the  long  spines  wanting  in  a  broad  space 
above  on  seventh  segment.  Terminal  teeth  nearly  equal,  tipped  with  blackish, 
their  points  marking  the  angles  of  a  hexagon,  slightly  wider  than  high.  Ventral 
fringe  of  last  segment  not  webbed  together;  lateral  tufts  high,  on  a  level  with  upper 
lateral  line.' 


Fig.  106.— Tabanut 
stygius:  larva 
(after  Hart). 


Fig.  107. —  Tahanus  stygius; 
last  segment  of  larva,  side 
view,  showing  projecting 
spine— enlarged  (from 
Hart). 
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Tabanus  moletttis  Say. 

"In  describing  this  species  in  1822  (Jour.  Acad.  Phil.,  Vol.  Ill,  p.  31;  Comp.  Writ., 
Vol.  II,  p.  53)  Thomas  Say  states: 

"  'This  is  one  of  the  species  that  are  called  prairie  flies.  It  is  numerous  in  the 
prairies  of  the  State  of  Missouri  and  is  very  troublesome  to  the  cattle.  I  have  seen 
cattle  in  the  forests  which  margin  these  prairies  when  attacked  by  these  insects  start 
suddenly  and  plunge  into  the  thickets  that  the  branches  may  divest  them  of  their 
enemies.  Travelers  are  much  incommoded  by  them;  many  cover  their  horses  with 
canvas,  etc.,  to  shield  them  from  their  attacks,  or  rest  in  some  shaded  or  secluded 
situation  during  that  part  of  the  day  when  they  are  the  most  abundant.' 

"No  special  mention  is  made  of  it  in  subsequent  works,  but  we  know  it  to  be  fairly 
common  in  the  Mississippi  Valley.  Say's  account  probably  covers  territory  outside 
of  the  present  State  of  Missouri;  and  Wiedemann  (vide  O.  S.  Cat.,  p.  22)  is  authority 
for  its  occurrence  in  Kentucky. 

"It  is  a  rather  large  species,  nearly  four- fifths  of  an  inch  long;  the  thorax  gray, 
with  brown  lines;  the  abdomen  black-brown  with  a  gray  central  stripe,  which  is 
widened  on  the  middle  segments  and  consists  of  triangular  spots  on  the  fourth,  fifth, 
and  sixth  segments. 

European  Gadfly. 
( Tabanws  bovinns  Linn.) 

"From  the  statements  of  European  writers  this  is  apparently  the  gadfly  of  Europe, 
or  at  least  the  one  which  is  particularly  troublesome  to  cattle. 

"According  to  Linnaeus  (Syst.  Nat.,  Turton  Transl.,  Vol.  Ill,  p.  67),  it  inhabits 
Europe,  and  is  extremely  troublesome  to  cattle. 

"The  eyes  are  greenish;  back  of  abdomen  with  white  triangular  longitudinal  spots. 

"The  early  stages  of  this  species  were  traced  by  De  Geer  (Mem.  Ins.),  who  found 
the  larva  to  be  terrestrial  and  carnivorous.  His  observations  on  this  species  were 
the  first  giving  information  upon  the  early  habits  of  the  Tabanidae. 

The  Banded  Breeze  Fly. 

( Therioplectes  cinctw  Fab.) 

"The  banded  breeze  fly,  or  orange-belted  horsefly,  is  a  species  of  somewhat  larger 
size  than  the  greenhead.  It  is  rather  less  abundant  than  the  black  breeze  fly,  which 
it  somewhat  resembles,  excepting  the  orange  or  reddish  band  on  the  abdomen.  It 
is  limited  more  to  the  Eastern  States.  It  was  described  by  Fabricius  at  the  same 
time  as  Tabanm  airatus  (Ent.  Syst.,  Vol.  IV,  p.  366). 

Hszmatopota  pliwialis  Linn. 

"According  to  Kollar  this  is  one  of  the  most  troublesome  species.    He  says: 

"  'It  is  not  much  larger  than  the  common  horsefly,  and  is  chiefly  distinguished  by 
its  large  green  eyes,  through  each  of  which  run  four  brown  undulating  bands. 

"  'The  body  is  gray  with  brownish  cross  stripes;  the  wings  gray  with  brown  spots. 
It  frequents  meadows  and  pastures  and  attacks  horses  ana  horned  cattle  in  sultry 
weather  before  rain,  nor  does  man  escape.  Although  the  wound  it  inflicts  is  sharp, 
it  does  not  produce  any  lasting  itching  or  burning.' 

"This  statement  regarding  the  injury  caused  does  not  agree  entirely  with  the 
statements  of  other  authorities,  for  in  Kirby  and  Spence's  Entomology  (p.  93)  we 
find  a  quotation  from  MacLeay  which  reads  as  follows: 

"  '  I  went  down  the  other  day  to  the  country,  and  was  fairly  driven  out  of  it  by  the 
Hsematopota  pluvialis,  which  attacked  me  with  such  fury  that,  although  at  last  I  did 
not  venture  beyond  the  door  without  a  veil,  my  face  and  hands  were  swollen  to  that 
degree  as  to  be  scarcely  yet  recovered  from  the  effects  of  their  venom.  I  was  obliged 
on  my  return  to  town  to  stay  two  days  at  home.  Whenever  this  insect  bites  me  it 
has  this  effect,  and  I  have  never  been  able  to  discover  any  remedy  for  the  torture 
it  puts  me  to.' 
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"Also,  in  Linnseus  under  the  description  of  the  species: 

"  'Like  T.  cxcutiens,  this  little  insect  fixes  on  the  hands,  face,  and  legs,  exciting  a 
painful  inflammation  in  the  part  where  it  has  drawn  blood.' 


Fro.  108.— Chrysopswt- 
tatus:  larva  (after 
Hart). 


The  Ear  Fly. 

(Chrysops  vittatus  Wied.) 

"This  is  a  rather  small  species,  yellow  in  color,  with  black 
stripes  and  a  broad,  smoky  band  across  the  middle  of  each 
wing.  It  was  described  in  1821  by  Wiedemann,  but  without 
reference  to  its  habits. 

"It  is  said  to  be  very  troublesome  in  the  wooded  regions  of 
the  Mississippi  Valley,  directing  its  attacks  particularly  upon 
horsey'  ears,  in  consequence  of  which  it  is  commonly  called  the 
'ear  fly.' 

Chrysops  univittatus  Macq. 

"  This  is  a  common  species  i  n  the  prairie  region  and  is  recorded 
from  District  of  Columbia,  Maryland,  Connecticut,  New  Jersey, 
and  Kentucky  by  Osten  Sacken.  It  appears  to  be  the  most 
common  species  at  Ames,  Iowa. 

Chrysops  niget  Macq. 

"A  similar  species,  black  in  color;  also  very  common. 

Chrysops  qaatlrivittatw  Bay. 

"Say  described  this  species  in  1822  as  inhabiting  the  region 
near  the  Rocky  Mountains.  It  is  of  a  gray  color,  with  four 
longitudinal  brown  lines  on  the  thorax.  The  wings  have  a 
large  brown  spot  on  the  front  margin.  It  is  nearly  two-fifths 
of  an  inch  in  length. 

Chrysops  costatus  Fab. 


'  Occurs  in  South  America  and  the  West  Indies. 

Chrysops  fiif.'ax  O.  S. 

"This  species,  easily  recog- 
nized from  the  figure,  is  widely 
distributed.  Osten  Sacken  re- 
corded it  from  Maine,  New 
Hampshire,  Canada,  Idaho, 
Montana,  and  Yukon  River.  It 
occurs  at  Ames,  Iowa,  and  doubt- 
less throughout  the  northern 
Mississippi  Valley  at  least. 

The  HirroBOseiD-LiKE  Tabanii). 

( Qonieps  hippoboxcoides  Aldrich. ) 

"Under  the  above  name  Mr. 
J.'  M.  Aldrich  has  described  a 
very  peculiar  fly,  that  has  the 
structure  of  the  tabanids,  but  the 
general  appearance  of  a  hippo- 
boscid,  although  it  is  not  known 
but  only  surmised  that  it  may  have  a  parasitic  or  semiparasitic  habit. 


Fig.  109, 


-Chrysops  univittatus  (original,  from  drawing  by 
Miss  L.  Sullivan). 
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"Since  nothing  m  known  as  to  the  habits  or  the  early  stages  of  the  species,  and  it 
would  seem  to  be  of  very  rare  occurrence,  it  will  suffice  for  the  purpose  of  this  paper 
simply  to  refer  to  the  original  description  and  figures  (Psyche,  Vol.  VI,  pp. 
236,  237)." 


Fig.  111. — Chrysops fur/ax  (original,  from  drawing  by 
Hiss  L.  Sullivan). 


The  Stable  Fly  (Ktomoxys  oaloitrans). 


Fig.  112. — Stomoxys  calciimns:  Adult,  larva,  puparium,  and  details — enlarged  (original). 


[Dr.  Curry's  observations  mentioned  on  page  49  make  it  advisable  to 
add  a  few  words  regarding  the  biting  stable  fly  (Stomoxys  calcitrant). 
This  insect  is  somewhat  similar  to  the  common  house  fry  {Mmca  domes- 
tica),  for  which  it  is  frequently  mistaken.  Despite  its  name,  it  is  not 
confined  to  stables,  but  frequents  also  groves  and  even  houses,  some- 
times biting  man  and  causing  considerable  annoyance.  It  is,  in  fact, 
this  insect  which  has  given  rise  to  the  popular  idea  that  flies  bite 
before  a  rain.  It  breeds  in  dung,  so  that  a  proper  disposition  of  the 
manure,  as  suggested  on  page  98,  will  prevent  its  undue  increase. 
This  fly  is  very  common,  and  has  a  wide  geographical  distribution.] 


NAGANA,  OE  TSETSE-FLY  DISEASE. 


In  connection  with  surra  it  will  be  of  interest  to  the  reader  to  be  able 
to  compare  some  of  the  recent  results  obtained  from  the  .study  of 
nagana,  or  tsetse  fly  disease.  To  supply  the  necessary  data  we  append 
here  an  account  of  the  investigations  recently  published  by  Kanthack, 
Durham  &  Blandford  (1898a,  pp.  100-118).  The  report  is  reprinted 
in  full,  as  it  is  not  generally  accessible  to  physicians  and  veterinarians 
here  and  in  the  Philippines. 

"  On  nagana,  or  tsetse  fly  disease.  (Report  made  to  the  Tsetse  Fly  Committee  of 
the  Royal  Society  of  Observations  and  Experiments,  carried  out  from  November, 
1896,  to  August,  1898. )    By  A.  A.  Kanthack,  H.  E.  Durham,  and  W.  F.  H.  Blandford. 

"At  the  request  of  the  Colonial  Office,  the  Royal  Society  of  London  appointed  a 
committee  to  cooperate  with  Surgeon-Major  Bruce  in  his  research  upon  nagana,  or 
the  tsetse  fly  disease.  This  committee  intrusted  us  with  the  actual  experimental 
work.  The  object  was  to  study  nagana  systematically  in  ordinary  laboratory  ani- 
mals, to  investigate  the  life  history  of  the  hematozoon  discovered  by  Bruce,  and,  if 
possible,  to  discover  methods  of  prevention,  cure,  or  immunization. 

"The  material  for  our  observations  was  obtained  in  the  first  instance  from  the 
blood  of  a  dog  infected  by  the  disease  on  the  voyage  from  Africa,  and  brought  to 
England  in  November,  1890,  by  Dr.  Waghorn. 

"The  investigation  was  begun  at  once  at  the  pathological  laboratory  of  St.  Bar- 
tholomew's Hospital,  but  in  February,  1897,  was  transferred  to  the  pathological 
laboratory  of  the  University  of  Cambridge. 

"  The  Hematozoon  of  nagana  has  already  been  described  by  Bruce,  and  is  closely 
allied  to  the  Tri/jianosoma  of  surra.  We  have  had  no  opportunity  of  studying  the 
latter  disease,  the  relation  of  which  to  nagana  is  referred  to  later.  The  parasite  dis- 
covered and  described  by  Rougefin  a  horse  in  Algeria  is  also  similar.  In  English 
sewer  rats  (Mus  decumanus)  a  Trypanosoma  (T.  sanguinis  [T.  Lewisi~\)  is  occasionally 
found,  but  this  is  quite  distinct  from  the  hematozoon  of  nagana,  both  in  its  morpho- 
logical appearance  and  in  its  pathogenic  effects  (vide  infra). 

I.  Susceptibility. 

"Cats,  dogs,  mice,  rabbits,  rats,  both  sewer  rats  (Mus  decumanus)  and  white  and 
piebald  rats  (Mus  rattus),  are  highly  susceptible,  and  in  these  animals  the  disease 
has  proved  fatal  in  every  case  of  infection  which  has  been  allowed  to  run  to  a  close. 

"A  single  hedgehog  inoculated  was  readily  infected  and  died  in  17  days,  so  that 
this  animal  probably  possesses  a  high  susceptibility. 

"A  single  donkey  was  inoculated  and  was  killed  12  weeks  later,  being  then  in  a 
weak  condition  and  near  dying. 

"Two  horses  have  been  inoculated,  one  a  strong  and  well-fed  cart  horse  (Rus- 
sian), which  survived  7  weeks,  the  other  a  rather  old  animal  (see  under  zebra 
hybrids),  which  survived  only  8  days. 


110 


"Annales  de  l'Institut  Pasteur,  1896,  p.  716. 


EMERGENCY  REPORT  ON  SUKKA. 


Ill 


"A  bosch-bok  has  also  been  inoculated;  it  died  7  months  afterwards  without 
showing  any  lesions.    All  the  inoculations  made  from  it  proved  negative. 

"Two  hybrids  of  zebra  and  horse  ($  zebra  and  ?  horse,  and  $  horse  and  9  zebra) 
and  one  hybrid  of  zebra  and  ass  (ass  $  and  J  zebra)  have  also  been  inoculated. 
These  were  kindly  put  at  the  disposal  of  the  Royal  Society  by  Prof.  Cossar  Ewart, 
of  Edinburg,  in  order  to  see  whether  such  hybrids  are  refractory  to  nagana. 

"The  two  former  were  infected  by  plunging  a  needle  wetted  with  nagana  blood 
beneath  the  skin;  the  latter  received  a  dose  of  1  c.  c.  of  the  same  blood.  All  of 
them  died  in  about  8  weeks.  During  the  course  of  the  disease  they  showed  irregular 
rises  of  temperature,  sometimes  up  to  41.6°  C.  Variations  in  the  number  of  hema- 
tozoa  were  ascertained  in  the  case  of  the  horse  hybrids;  on  some  occasions  they  were 
abundant  (66,000  per  c.  m.).  Whenever  the  donkey  hybrid  was  examined  at  the 
earlier  stage  of  the  illness,  the  hematozoa  were  found  to  be  either  scanty  or  absent. 
A  horse  which  was  inoculated  as  a  control  died  in  8  days,  with  very  abundant 
hematozoa  in  its  blood;  this  animal  must  have  been  peculiarly  susceptible  to  nagana, 
as  no  other  cause  for  death  could  be  found  at  postmortem  examination.  There  is  no 
reason  for  supposing  that  the  hybrids  exhibited  any  more  refractoriness  than  other 
horses  or  asses. 

"Koch"  reports  on  attempts  which  he  made  to  infect  two  Masai  donkeys,  and  two 
crosses  from  Muscat  and  Masai  donkeys.  None  of  these  showed  any  symptoms  of 
the  disease  up  to  3J  months,  nor  were  hematozoa  discovered  in  their  blood  at  any 
time,  although  repeated  examinations  were  made.  Consequently  there  is  no  proof 
that  these  animals  were  really  infected.  In  our  experience  scratch  inoculations 
sometimes,  though  rarely,  fail;  on  the  other  hand,  inoculations  by  puncture  with  a 
needle  or  by  actual  injection  do  not  fail;  Koch's  animals  were  inoculated  by  the 
scratch  method.  It  should  be  added  that  all  his  control  infections  were  successful. 
He  did  not  find  that  ordinary  mules  showed  any  immunity. 

"With  regard  to  guinea  pigs,  at  first  we  thought  that  they  were  refractory  under 
normal  conditions,  and  that  it  was  possible  to  infect  them  only  after  their  resistance 
had  been  reduced  by  bleeding  or  other  interferences. 

"We  found,  however,  that  guinea  pigs  are  susceptible  to  nagana  under  ordinary 
conditions,  but  that,  as  a  rule,  the  disease  in  them  is  more  protracted  than  in  rabbits, 
rats,  mice,  cats  or  dogs,  and  even  horses;  so  that  they  are  distinctly  more  resistant 
than  these  animals.  In  no  instance,  however,  has  recovery  ensued  after  hematozoa 
have  once  appeared  in  the  blood. 

"According  to  unpublished  observations  by  Bruce  upon  the  tsetse  fly  disease  in 
South  Africa,  it  appears  that  native  goats  and  sheep  are  to  some  extent  refractory, 
the  disease,  as  a  rule,  running  a  chronic  course  (five  months). 

"A  monkey  (Macacus  rhesus)  was  also  tried.  It  died  in  about  2  weeks  in  an 
advanced  condition  of  pulmonary  tuberculosis,  but  the  presence  of  abundant  hema- 
tozoa had  been  determined  in  the  blood  during  life  up  to  the  time  of  death. 

"A  weasel  was  injected.  It  showed  hematozoa  in  its  blood,  and  died  a  few  days 
later,  but  death  almost  certainly  was  hastened  by  the  effects  of  captivity. 

"Pigeons  are  the  only  birds  which  have  yet  been  tried.  The  pigeons  after  inocu- 
lation did  not  show  signs  of  the  disease,  nor  was  their  blood  infective.  It  may  be 
mentioned  that  Bruce  tried  South  African  hens  without  success.  Further  experi- 
ments with  birds  are  in  hand. 

"Young  animals,  if  susceptible  (kittens  and  puppies),  as  a  rule,  have  died  earlier 
than  adults,  and  while  suckling  they  are  still  more  highly  predisposed;  young 
guinea  pigs,  however,  are  comparable  to  older  ones  in  their  resistance. 

"The  fetus  in  utero  of  infected  rabbits,  guinea  pigs,  or  rats  is  not  infected,  although 
the  mother's  blood  may  contain  a  large  number  of  hematozoa.  The  latter  are  to 
be  found  in  the  placenta,  but  not  in  the  fetal  blood.    Similar  observations  have 


"  Reiseberichte  [1898a],  pp.  69  and  88. 
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also  been  made  by  Lewis,"  Lingard,1' and  Rouget"  in  their  investigations  on  allied 
hematozoa. 

II.  Duration  of  disease  in  the  different  animals. 

"As  will  be  seen  from  the  figures  given  below,  the  lethal  period  varies  somewhat 
in  each  species  of  susceptible  animal.  The  duration  of  the  disease  appears  to  depend 
principally  upon  the  individual  susceptibility  rather  than  on  the  mode  of  inoculation- 
or  the  quantity  of  infective  material  introduced.  Thus,  of  4  rabbits  inoculated  in 
the  same  manner  with  the  same  material,  3  died  on  the  twelfth,  twenty-first, 
and  twenty-fourth  days,  respectively,  while  the  fourth  was  killed  on  the  forty-first 
day;  many  similar  instances  could  be  cited.  Nor  does  a  larger  quantity  necessarily 
determine  a  more  rapid  death;  thus,  a  rabbit  which  has  received  the  whole  blood  of 
another  rabbit  containing  numerous  hematozoa  may  survive  longer  than  the  mini- 
mal lethal  period  for  rabbits.  We  have  not  been  able  to  define  the  conditions  which 
determine  these  variations  in  susceptibility.  Rouget  has  noted  similar  variations  in 
the  lethal  period. 

"The  ratio  of  the  minimal  to  the  maximal  lethal  periods  is  about  1  to  5  or  1  to  6  in 
rabbits  and  rats,  and  1  to  9  in  guinea  pigs.  The  number  of  other  animals  inoculated 
has  not  been  sufficiently  great  to  determine  a  satisfactory  ratio. 

' '  In  our  experiments  dogs  survived  an  infection  14  to  26  days,  cats  22  to  26  days,  rats 
6  to  26  days,  mice  8  to  25  days,  rabbits  1 3  to  58  days,  and  guinea  pigs  20  to  183  days;  the 
average  duration  being  for  dogs  18  days,  for  cats  24  days,  for  rats  12  days,  for  mice 
13  days,  for  rabbits  30  days,  and  for  guinea  pigs  50  days. 

"Since  the  commencement  of  these  experiments  a  large  number  of  animals  have 
been  dealt  with,  and  thus  an  extensive  series  of  cross  inoculations  has  been  carried 
out;  but  we  have  found  that  the  duration  of  the  disease  is  not  dependent  on  the  kind 
of  animal  from  which  the  hematozoa  are  derived.  No  constant  modification  is 
therefore  effected  by  passages,  either  in  the  direction  of  attenuation  or  of  increased 
virulence.  This  statement  is  completely  borne  out  by  Bruce's  observations  on  wild 
animals,  as  well  as  African  sheep  and  goats,  for  he  found  that  the  hematozoa  of  these 
animals  were  as  infective  as  those  obtained  from  highly  susceptible  animals,  such  as 
dogs. 

III.  Mode  of  inoculation. 

"Inoculations  have  been  made  with  the  blood  of  an  infected  animal  subcu- 
taneously,  intravenously,  or  intraperitoneally,  or  by  applying  a  minute  and  often 
minimal  quantity  of  infected  blood  to  a  superficial  scratch.  Rabbits  have  also  been 
inoculated  in  the  anterior  chamber  of  the  eye;  and  rats  directly  into  a  lymphatic 
gland. 

"Blood  taken  from  diseased  animals,  although  showing  no  hematozoa  when 
examined  microscopically,  has  frequently  been  proved  to  be  fully  infective,  so  that  it 
appears  that  a  single  hematozoon  or  at  any  rate  a  very  small  number  of  them, 
successfully  introduced,  are  capable  of  producing  the  disease.  At  present  no  method 
of  graduating  the  dose  appears  possible,  since  a  minute  quantity  is  as  effective  as 
much  larger  quantities,  though  the  lethal  period  may  be  somewhat  prolonged.  It  is 
also  possible  that  unrecognized  forms  are  present  in  these  cases,  though  it  should  be 
added  that  in  some  instances  where  no  hematozoa  are  found  in  simple  films  we  were 
able  to  detect  them  by  means  of  centrifugalizing  the  blood. 

"Successful  inoculations  have  also  been  made  with  lymphatic  gland,  spleen,  bone 
marrow,  aqueous  humor,  serous  fluid,  edema  transudation,  and  testicular  juice. 

"The  incubation  period  and  the  duration  of  the  disease,  as  already  pointed  out, 
are  not  entirely  dependent  upon  the  number  of  hematozoa  in  the  material  injected, 

"  Physiol,  and  Pathol.  Researches  [1888],  p.  630. 
''Summary  of  Further  Report  on  Surra,  1895  [p.  12]. 
"Annales  de  l'lnstitut  Pasteur,  1896,  p.  716. 
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or  the  source  of  the  infective  material.  Thus,  the  hematozoa  of  lymphatic  glands, 
etc.,  are  as  infective  as  those  of  the  blood.  The  duration  of  the  disease  is  not 
materially  affected  by  the  mode  of  inoculation  adopted,  and  is  about  the  same 
whether  the  infection  was  brought  about  by  subcutaneous,  intravenous,  or  intra- 
peritoneal injection,  or  by  a  superficial  scratch. 

"Material  taken  from  the  bodies  of  animals  twenty-four  hours  or  sometimes  less 
after  death  is  hardly  ever  infective,  even  when  several  cubic  centimeters  are  injected, 
so  that  we  have  no  evidence  of  a  resisting  or  sporing  form  which  survives  in  the 
tissues  or  blood  of  the  dead  animal  and  is  inoculable  into  other  mammals.  It  must 
be  added  that  putrefactive  changes  often  set  in  with  great  rapidity  in  the  bodies  of 
animals  dead  of  nagana. 

"Blood  drawn  from  the  living  infected  animal  and  kept  in  vitro  in  an  aseptic  con- 
dition retains  its  infective  power  at  most  for  3  or  4  days,  but  this  period  is  generally 
less.    Complete  drying  also  renders  blood  noninfective. 

"  Blood  heated  to  50°  for  30  minutes  invariably  becomes  noninfective,  even  in 
large  doses  (such  as  4  c.  c. ),  while,  when  heated  to  46°  C.  for  half  an  hour,  it  proved 
infective  in  one  out  of  two  cases,  although  apparently  the  hematozoa  had  become 
nonmotile — at  least  no  motile  forms  were  detected  under  the  microscope.  But  even 
in  this  case  the  lethal  period  was  not  prolonged. 

"Infection  by  feeding  has  been  attempted  by  means  of  a  number  of  experiments. 
Sometimes  it  was  successful — in  most  cases  unsuccessful ;  so  that  it  has  seemed  to  us 
that  the  possibility  of  infection  by  the  mouth  depends  on  accidental  lesions  about 
the  mouth,  nose,  ears  (in  rats),  or  alimentary  tract. 

"Of  a  number  of  rats  fed  on  organs  of  nagana  animals  only  a  few  acquired  the 
disease,  and  these  invariably  showed  superficial  lesions  of  the  snout  and  ears  due  to 
lice.  When  fed  upon  infective  material,  they  bury  their  snouts  in  it  as  well  as  scratch 
their  ears  with  their  blood-stained  forepaws.  Furthermore,  in  the  rats  which 
acquired  the  disease  through  feeding,  the  cervical  glands  were  always  enlarged 
most,  which  proves  that  the  hematozoal  infection  must  have  taken  place  in  the 
head,  for,  as  we  shall  show,  the  primary  infection  travels  by  the  lymphatics. 

"A  cat  fed  repeatedly  on  soft  tissues  of  the  bodies  of  infected  dogs  and  cats,  and 
subsequently  on  the  bodies  of  dead  rats,  died  at  a  time  corresponding  by  lethal 
period  to  an  infection  at  the  first  meal  on  rats.  We  regard  it  as  probable  t  hat  some 
splinter  of  bone  caused  a  superficial  lesion  through  which  the  hematozoa  were 
enabled  to  enter. 

"One  rabbit,  fed  carefully  by  means  of  a  pipette  with  large  quantities  of  infected 
blood,  never  showed  the  slightest  sign  of  the  disease.  Rouget  (189(5)  also  failed 
to  infect  animals  by  the  mouth. 

"Two  rabbits,  into  whose  conjunctival  sacs  several  drops  of  blood  containing  very 
abundant  hematozoa,  and  a  third  rabbit  whose  eye  was  brought  into  contact  with 
one  of  these,  did  not  become  infected.  We  presume  that  Rouget's  positive  results 
by  this  method  were  due  to  some  accidental  lesion. 

"A  dog  suffering  from  the  disease  did  not  infect  her  puppies  during  the  last  14 
days  of  her  life,  nor  did  these  puppies  infect  their  foster  mother  (she  cat)  after  they 
had  been  inoculated. 

"Nor  have  we  observed  transmission  of  the  disease  through  the  mother's  milk  in 
guinea  pigs.  Rouget  alludes  to  a  doubtful  instance  of  infection  by  coitus  in  rabbits  by 
means  of  the  spermatic  fluid.  We  have  not  detected  hematozoa  in  spermatic  fluid 
obtained  from  the  vesiculie  seminales,  and  believe  that  in  Rouget's  single  positive 
case  there  may  have  been  direct  infection  from  the  penis,  which  suffers  considerably 
in  rabbits  and  may  become  excoriated,  so  that  it  easily  bleeds. 

"  We  therefore  do  not  believe  that  it  is  possible  to  infect  an  animal  by  feeding  in 
the  absence  of  superficial  lesions,  and  in  this  respect  we  differ  from  Bruce,  who  seems 
to  imply  that  the  hematozoa  can  pass  through  the  unbroken  surface  of  the  alimentary 
tract. 
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IV.  Symptoms  and  course  of  the  disease. 

"  These  vary  somewhat  according  to  the  nature  of  the  animal,  but  there  are  certain 
striking  symptoms  which  commonly  occur  in  different  groups  of  animals.  These 
may  therefore  be  regarded  as  the  most  characteristic. 

"1.  Muscular  wasting  and  loss  of  power  are  evident  in  all  but  the  small  animals.  In 
rate,  mice,  and  guinea  pigs  they  are  but  little  marked  or  absent  altogether.  In  the 
horse,  dog,  cat,  and  rabbit  the  wasting  is  very  conspicuous.  In  the  cat,  dog,  rabbit, 
and  hedgehog  there  is  marked  loss  of  weight,  amounting  to  20  to  30  per  cent. 

"2.  Fever. — In  most  animals  which  have  been  examined  there  is  a  smart  rise  of 
temperature  about  the  time  of  appearance  of  hematozoa  in  the  blood.  (Horse, 
41.5°  C. ;  dog,  40°  C. ;  rabbit,  41°  C. ;  guinea  pig,  not  constant. ) 

"Paroxysms  of  fever  are  common  in  the  horse,  as  has  already  been  shown  by 
Bruce.  The  temperature  may  rise  to  a  considerable  height  (41.6°  C. ).  The  same  is 
true  of  the  zebra-horse  hybrids.  In  a  horse  upon  which  daily  ohservations  were 
made,  quick  and  sudden  rises  of  temperature  immediately  followed  an  increase  of  the 
hematozoa  in  the  blood.    At  the  time  of  death  there  was  marked  pyrexia. 

"In  the  single  donkey  which  we  examined  the  temperature  was  generally  raised 
throughout  the  course  of  the  disease. 

"In  dogs  there  is  also  fever,  the  temperature  becoming  subnormal  on  approach  of 
death. 

"  In  rabbits  pyrexia  is  common,  and  generally  the  temperature  is  elevated  through- 
out the  disease,  but  it  may  fall  suddenly  to  normal.  The  temperature  curve  is  always 
irregular,  and  no  relation  between  the  temperature  curve  and  the  hematozoal  curve 
could  be  established. 

"  In  cats  also  the  fever  is  well  marked,  the  temperature  falling  quickly  toward 
the  end. 

"  It  is  difficult  to  speak  with  certainty  of  the  temperature  in  such  small  animals  as 
rats  and  mice. 

"  In  guinea  pigs,  representing  less  susceptible  animals,  fever  as  a  rule  is  not  a  special 
feature.  The  temperature  is  as  irregular  as  it  is  in  the  normal  animal,  but  the  animal 
shows  paroxysmal  rises  from  time  to  time,  sometimes  above  41°.  These  may  be 
accompanied  by  an  accession  of  hematozoa  into  the  circulation,  but  this  is  not  a 
constant  feature. 

"3.  Edema  is  common  in  certain  animals,  such  as  the  horse,  rabbit,  cat,  and  dog, 
and  is  most  marked  about  the  head,  legs,  belly,  or  genitals.  In  smaller  animals,  such 
as  rats  and  mice,  it  is  not  usual,  and  in  guinea  pigs  it  has  not  been  observed.  In 
dense  tissues,  as  the  rabbit's  ear,  there  may  be  a  local  edema  at  the  site  of  inoculation. 

"Rabbits  exhibit  a  special  tendency  to  edema  of  the  external  genital  organs. 
There  is  often  great  and  progressive  swelling  of  the  prepuce  or  labia,  as  the  case  may 
be.  The  swollen  parts  often  excoriate  and  become  sore  and  covered  by  crusts,  so 
that  the  animal  is  in  a  sorry  condition. 

"4.  Changes  in  the  eyes  and  nose. — In  cats,  dogs,  rats,  and  rabbits  turbidity  of  the 
aqueous  humor,  fibrinous  plaques  in  the  anterior  chamber,  and  corneal  opacities  are 
occasionally  observed.  In  rabbits  a  mucopurulent  conjunctivitis  is  common,  and 
this  may  be  followed  by  an  opacity  of  the  cornea  and  a  turbidity  of  the  aqueous 
humor,  which  under  such  conditions  shows  hematozoa  microscopically  as  well  as 
leucocytes.  Hematozoa  have  also  been  discovered  in  the  conjunctival  discharge  in 
the  earlier  stages  of  the  disease.  Vascular  corneal  ulcers  sometimes  occur  in  dogs, 
and  the  conjunctivitis  of  cats,  dogs,  rats,  and  rabbits  is  frequently  associated  with 
edema  of  the  eyelids  and  face.  In  rabbits  the  eyelids  and  nose  frequently  become 
almost  entirely  closed  up  by  the  drying  of  the  secretion.  In  the  latter  case  they 
breathe  with  great  difficulty,  keeping  their  mouths  open.  This  condition  has  been 
described  by  Rouget  (1896). 
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"  5.  Anemia. — Some  degree  of  anemia  is  always  present,  but  it  does  not  seem  to  be 
so  extreme  as  to  be  the  sole  attributable  cause  of  death,  and  points  rather  to  a  dis- 
turbance in  the  hematopoietic  or  the  hematolytic  mechanisms. 

"The  number  of  red-blood  corpuscles  steadily  diminishes  and  nucleated  red  cor- 
puscles (normoblasts)  often  appear,  especially  in  rats.  According  to  observations 
on  rabbits,  the  diminution  of  hemoglobin  is  roughly  proportional  to  that  of  the  blood 
corpuscles. 

"  Leucocytosis  is  not  a  constant  feature  and  when  present  is  apparently  due  to  the 
febrile  temperature.  An  excessive  leucocytosis,  such  as  occurs  in  leukemia,  was 
never  observed;  15,000  to  34,000  leucocytes  being  the  highest  numbers  recorded  per 
cubic  millimeter. 

"Blood  drawn  from  an  animal  seriously  ill,  when  clotted,  generally  exhibits  a 
marked  buffy  coat;  the  serum  is  often  turbid  and  may  undergo  secondary  clotting. 

"Instead  of  forming  rouleaux,  the  red  corpuscles  tend  to  clump  into  masses  and 
to  lose  their  outlines,  especially  when  the  anemia  is  pronounced  (rabbit,  ass,  and 
horse). 

"  The  serum  of  such  blcod,  when  mixed  with  normal  blood  of  the  same  species  of 
animal,  causes  the  red  corpuscles  to  clump  together  also. 

"The  urine  of  infected  dogs  spectroscopically  examined  often  shows  an  intense 
urobilin  band. 

"Wounds  do  not  heal  well,  and  tend  to  break  down  and  become  septic,  even 
though  the  operation  has  been  performed  with  strict  aseptic  and  antiseptic  precau- 
tions. The  hematozoa  may  be  abundant  in  the  discharge  from  the  wounds.  Many 
animals,  especially  dogs,  are  apt  to  become  infected  with  pyococci  and  other  bacteria 
in  the  later  stages  of  the  disease,  even  when  the  inoculated  material  has  been  proved 
to  be  free  from  bacteria.  We  conclude  that  a  spontaneous  terminal  bacterial  infec- 
tion may  occur  when  the  marasmus  has  reached  a  certain  degree.  This  may 
accelerate  death  and  is  probably  fairly  often  the  case  in  the  naturally  acquired 
disease.  But  we  have  often  proved  by  cultures  that  bacteria  are  absent  in  uncom- 
plicated cases  of  experimental  inoculation. 

"7.  A  voracious  appetite  has  not  been  observed  in  the  infected  laboratory  ani- 
mals; some,  animals  refuse  their  food  and  the  stomach  is  not  seldom  empty  after 
death. 

"8.  Rats  and  guinea  pigs  often  exhibit  convulsive  or  eclamptic  seizures  shortly 
before  death,  but  otherwise  guinea  pigs,  rats,  and  mice  show  no  symptoms  of 
disease,  except  dullness  in  the  later  stages. 

"9.  Transmission  from  one  animal  to  another,  without  direct  inoculation,  has 
never  been  observed.  Nor  have  we  come  across  instances  of  infection  by  coitus  or 
through  suckling,  although  we  have  dealt  with  large  numbers  of  animals. 

V.  Morbid  anatomy. 

"  In  rais  and  mice  exactly  the  same  conditions  may  be  observed.  The  most  striking 
changes  are: 

"(1)  Enlargement  of  the  lymphatic  glands,  the  glands  corresponding  to  the  seat 
of  inoculation  being  always  largest.  This  observation  is  important,  because  from 
the  relative  size  of  the  glands  it  is  possible  to  determine  the  seat  of  infection.  To 
this  allusion  has  already  been  made,  when  the  effects  of  feeding  were  discussed. 
The  glands  are  generally  red,  congested,  juicy,  and  edematous;  in  a  few  instances 
hemorrhagic  extravasation  has  been  observed.  In  some  cases  all  lymphatic  glands 
in  the  body  are  enlarged,  in  others  a  particular  series  only.  If  a  rat  be  inoculated 
in  the  right  thigh,  the  glands  in  the  left  axilla  and  left  groin  suffer  last. 

"(2)  The  spleen  is  much  enlarged,  with  but  few  exceptions,  and  it  is  generally 
firm,  friable,  and  dark  colored. 
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"  (3)  The  liver  generally  shows  some  enlargement  and  may  be  fatty. 

"  (4)  Wasting  of  the  muscles  and  atrophy  of  the  fat  is,  as  a  rule,  not  well  marked. 

"  (5)  Subpleural  ecchymoses  are  sometimes  present  in  the  lungs,  accompanied  by 
a  small  amount  of  pleural  fluid. 

"  In  rabbits  the  general  enlargement  of  lymphatic  glands  is  less  noticeable.  The 
spleen  is  generally  enlarged.  Petechial  ecchymoses  are  rare.  Fatty  degeneration 
of  the  liver  is  always  present,  and  muscular  wasting  is  often  extreme.  Enlargement 
of  testes  has  been  observed. 

"In  dogs  muscular  wasting  is  well  marked,  the  animal  being  often  reduced  to  a 
skeleton,  but  the  fatty  tissues  are  generally  not  much  affected,  except  at  the  base  of 
the  heart,  where  the  fat  may  undergo  edematous  degeneration.  The  general 
enlargement  of  the  lymphatic  gland  is  well  marked,  and,  as  in  the  rat,  the  glands 
are  edematous  and  congested,  yellowish,  or  even  show  hemorrhagic  extravasations. 

"The  spleen  is  also  greatly  enlarged,  granular,  firm,  and  friable. 

"Pericardial  effusion  is  common;  pleural  effusion  may  be  present. 

"  Subpericardial  petechias  and  hemorrhages  occur  frequently,  subperitoneal  occa- 
sionally, and  sometimes  also  submucous  in  the  intestines  and  stomach. 

"  In  cats  wasting  is  pronounced,  the  glands  are  greatly  enlarged,  the  spleen  is  also 
enlarged,  the  liver  is  slightly  enlarged.  Hemorrhages  beneath  the  pleura  and  peri- 
cardium have  been  noticed. 

"In  guinea  pigs,  which  clinically  often  show  no  changes  or  symptoms  at  all,  the 
morbid  changes  after  death  are  not  very  well  marked.  The  spleen  is  generally 
moderately  enlarged,  and  occasionally  even  considerably;  it  is  often  very  soft  and 
rather  pale.  The  lymphatic  glands  are  distinctly,  but  as  a  rule  only  slightly, 
enlarged,  those,  corresponding  to  the  seat  of  inoculation  being  always  the  most 
affected. 

"Hemorrhages  have  been  observed  in  the  lungs  and  in  the  stomach;  serous 
effusions  and  edema  have  not  been  noted. 

"In  all  these  animals  the  bone  marrow  is  sometimes  dark  red  in  color,  at  other 
times  natural,  or  paler  than  it  should  be.  In  the  shafts  of  the  long  l»nes  the  fat 
disappears  and  becomes  replaced  by  '  red '  marrow. 

"  In  many  cases  an  iron  reaction  has  been  obtained  with  the  liver,  spleen,  and 
kidney  (ammonium  sulphide;  and  K4FeCy6  +  HCl). 

VI.  Distribution  of  hemalozoa. 
A.  Blood. 

"After  a  latent  period  of  some  days,  hematozoa  are  invariably  found  in  the  blood 
at  some  time  or  other  during  the  course  of  the  illness. 

"  1.  Rats. — When  the  animal  is  inoculated  with  small  quantities  of  infective  blood, 
the  latent  period  averages  3  to  4  days.  When,  however,  a  large  number  of  hematozoa 
is  inoculated  into  the  peritoneal  cavity,  the  parasites  may  be  found  in  the  blood 
even  after  a  few  hours. 

"  When  the  hematozoa  have  once  appeared  in  the  blood,  they  are  generally  found 
therein  to  the  end,  gradually  increasing  in  number  till  the  blood  literally  teems  with 
them.  During  the  early  stages  of  the  disease,  however,  variations  are  frequently 
noted,  inasmuch  as  an  increase  on  one  day  may  be  followed  by  a  marked  decrease 
on  the  next.  In  a  few  cases  they  have  even  temporarily  disappeared  from  the  cir- 
culation for  a  day  or  two,  but  this  is  distinctly  rare  in  rats  and  mice,  although 
common  in  other  animals. 

"At  the  later  stages  the  hematozoa  may  amount  to  2,000,000  to  3,000,000  per  c.  m. 

"2.  Mice. — What  has  been  said  of  rats  applies  also  to  mice. 

"3.  Rabbits. — In  these  animals,  after  inoculations  with  minute  quantities  of  blood, 
the  parasites  first  appear  in  the  blood  in  about  8  days,  about  the  same  time  as  the 
pyrexial  attack.    They  remain  in  the  general  circulation  for  a  day  or  two  in  small 
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numbers;  this  is  followed  by  a  disappearance  and  reappearance  for  a  variable  num- 
ber of  days  at  irregular  intervals.  In  the  animals  which  have  been  systematically 
examined  the  hematozoa  do  not  appear  abundantly  until  toward  the  close  of  the 
disease;  the  largest  number  which  has  been  estimated  near  the  time  of  death  has  been 
60,000  per  c.  m.  (compare  rats  and  mice),  but  even  at  that  time  they  may  be  scanty 
and  difficult  to  find.  They  are  also  to  be  found  in  the  fluid  of  the  local  edema  and 
discharge  from  wounds,  conjunctiva,  or  genitals.  Although  hematozoa  may  be  so 
scanty  that  they  can  not  by  discovered  by  the  microscope  (sometimes  even  after 
centrifugalizing),  the  animals  show  marked  clinical  symptoms.  Their  blood  has 
often  been  proved  to  be  infective. 

"4.  Dogs. — Early  in  the  disease,  from  4-6  days,  the  hematozoa  may  be  absent 
from  the  blood,  but  observations  on  their  presence  during  life  in  the  lymphatic 
glands  have  not  been  made.  Toward  the  end  they  become  very  numerous  (100,000  to 
300,000  per  c.  in.).  Variations  in  the  number  of  hematozoa  are  common,  but  as  a 
rule  hematozoa  are  numerous  throughout  the  disease. 

"5.  Cats. — The  latent  period  is  about  5  days;  then  the  hematozoa  appear  in  the 
blood,  and,  with  daily  variations,  quickly  increase  in  number.  The  variations  are 
sometimes  remarkable;  thus  on  one  day  the  hematozoa  may  be  extremely  numerous, 
while  on  the  next  day  they  will  have  become  scanty. 

"6.  Horse. — Systematic  observations  on  this  animal,  as  well  as  on  the  donkey, 
have  been  made  by  Bruce.  In  our  first  horse  the  latent  period  was  7  days.  The 
first  appearance  of  hematozoa  in  the  blood  was  followed  by  a  sharp  rise  of  the  tem- 
perature. After  the  hematozoa  once  showed  themselves  they  were  generally  scanty 
and  often  absent  (the  centrifuge  was  not  used) ,  but  an  appearance  of  the  hematozoa 
in  the  blood  was  generally  followed  immediately  by  a  paroxysm  of  fever.  A  few 
days  before  death,  however,  the  number  increased  greatly,  falling  again  to  zero  2 
days  before  death  and  being  low  at  the  time  of  death. 

"7.  Guinea  p'njn. — After  a  subcutaneous  inoculation,  a  few  hematozoa  will  generally 
be  found  in  the  blood  about  the  fifth  to  seventh  day.  They  may  then  again  disap- 
pear and  reappear  from  time  to  time,  to  disappear  again  after  a  few  days.  This 
alternation  may  go  on  for  weeks.  Then  suddenly  the  hematozoa  become  numerous 
and  gradually  increase,  sometimes  with  irregular  variations,  till  the  blood  is  almost 
crowded,  200,000  to  500,000  per  c.  m.  being  present.  The  guinea  pigs  die,  generally 
without  showing  any  symptoms,  except  perhaps  convulsive  attacks  a  day  or  two 
before  death. 

"In  some  cases  no  hematozoa  have  been  found  in  the  blood  for  over  6  weeks, 
although  it  has  been  examined  daily.  They  then  appeared  in  small  numbers,  and 
after  remaining  scarce  for  a  week  or  so,  suddenly  and  rapidly  increased  as  the  disease 
approached  its  fatal  termination.  It  is,  however,  more  common  to  find  a  few 
hematozoa  about  a  week  after  inoculation,  this  being  followed  by  a  more  or  less 
prolonged  period  of  absence. 

"In  cases  where  the  disease  runs  a  less  protracted  course,  the  hematozoa  become 
numerous  about  4  weeks  after  the  inoculation,  when  they  are  often  present  in  large 
numbers;  but,  as  in  the  case  of  other  animals,  the  number  of  hematozoa  may  be 
very  variable,  being  almost  enormous  one  day  and  very  considerably  less,  or  even 
very  small,  the  next.  In  a  case  where  the  guinea  pig  had  been  bled  before  inocula- 
tion the  disease  ran  a  rather  short  course;  hematozoa  appeared  9  days  after  the 
infection,  rapidly  rising  in  number  to  over  128,000  per  c.  in.,  the  animal  dying  after 
22  days.  In  a  few  cases  where  the  lymphatic  gland  corresponding  to  the  seat  of 
inoculation  was  examined,  hematozoa  were  found  in  the  gland,  while  they  were 
absent  in  the  blood. 

B.  Lymphatic  gland*. 

"In  the  rat  the  superficial  lymphatic  glands  may  be  readily  examined  by  piercing 
them  with  fine  capillaries  or  sharp  needles;  they  may  also  be  excised  and  examined 
more  thoroughly.    Although  a  considerable  number  of  observations  have  been  made 
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by  these  means,  and  also  after  killing  the  animals  at  various  periods  after  inoculation, 
we  wish  to  speak  somewhat  guardedly,  since  the  appearances  are  not  quite  constant. 
Moreover,  we  are  at  present  unable  to  be  certain  that  unrecognized  developmental 
forms  have  not  been  overlooked. 

' '  By  the  study  of  the  right  inguinal  glands  after  subcutaneous  inoculation  in  the  right 
thigh,  we  find  that  the  hematozoa  are  present  from  1  to  3  days  before  they  are  dis- 
coverable in  the  blood  (taken  from  the  ear  or  right  leg).  Again,  they  may  be  very 
abundant  in  the  gland  when  they  are  still  scanty  in  the  blood.  Moreover,  the  num- 
ber in  the  blood  may  increase,  while  that  in  the  gland  decreases.  In  these  earlier 
stages  the  hematozoa  may  be  extremely  numerous,  forming  tangles  and  clusters  in 
the  lymph  gland,  while  only  a  few  scattered  ones  are  to  be  found  in  the  blood.  The 
first  appearance  of  hematozoa  in  the  gland  of  the  other  side  is  apparently  associated 
with  their  appearance  in  the  blood. 

"The  observations,  fewer  in  number,  which  have  been  made  upon  guinea  pigs, 
also  point  to  a  multiplication  in  or  about  the  nearest  chain  of  lymphatic  glands  in  the 
first  instance. 

"We  have  not  yet  determined  whether  these  hematozoa  pass  directly  into  the 
blood  through  the  local  blood  vessels  or  whether  they  are  distributed  by  means  of 
lymphatic  paths  into  the  main  circulation. 

"The  animals  may  appear  comparatively  well  while  large  numbers  of  parasites  are 
present  in  their  blood  and  glands;  this  is  especially  the  case  with  rats  and  guinea 
pigs.  On  the  other  hand  they  may  be  seriously  ill  while  the  hematozoa  are  scanty 
in  their  blood;  this  obtains  usually  in  rabbits,  in  which  animals,  as  already  stated, 
the  glands  do  not  become  so  much  enlarged,  and  it  is  possible  that  the  main  effect  of 
the  parasites  is  borne  by  other  organs.  For  instance,  at  times  the  bone  marrow  has 
shown  the  presence  of  hematozoa,  although  search  in  other  organs  and  in  the 
blood  proved  negative. 

"After  death  in  the  various  animals  hematozoa  are  to  be  found  in  most  cases  in 
the  bone  marrow  and  spleen.  The  adult  hematozoa  may  be  common  in  these  situa- 
tions when  but  few  are  present  in  the  blood;  but  this  is  not  constant,  for  the  reverse 
may  be  the  case.  Multiplication  of  the  parasites  certainly  takes  place  in  the  lym- 
phatic glands  (rat)  as  well  as  in  the  infected  area  of  connective  tissue.  It  may  also 
occur  in  the  above-mentioned  organs  as  well,  and  perhaps,  too,  in  the  blood,  but  of 
this  we  have  no  certain  evidence. 

"The  hematozoa  are  also  found  in  the  fluids  of  the  serous  cavities,  at  any  rate 
when  they  are  present  also  in  the  blood. 

"They  have  not  been  found  in  the  intestinal  contents,  nor  have  they  been  seen  in 
the  urine,  except  in  one  case  in  which  hematuria  and  submucous  petechie  of  the 
bladder  were  present  (rat). 

"  It  is  evident  from  these  observations  that,  in  order  to  investigate  the  develop- 
ment of  the  hematozoa  in  the  rat,  etc.,  special  attention  must  be  paid  to  the  seat  of 
inoculation  and  the  nearest  lymphatic  glands. 

"Dead  and  nonmotile  forms  may  frequently  be  found  in  the  circulation  and  in  the 
lymphatic  glands  when  the  disease  is  advanced.  These  are  less  defined  and  are 
ghost-like,  being  somewhat  swollen  in  appearance;  they  are  also  generally  in  an 
extended  condition. 

VII.  Tome  power  of  the  blood. 

"The  fact  that  animals  may  appear  to  be  well  for  days  while  hematozoa  are  abun- 
dant in  their  blood  suggests  that  the  hematozoa  do  not  secrete  much,  if  any,  specific 
toxin,  and  indeed  so  far  no  direct  evidence  has  been  obtained  of  a  potent  poison 
manufactured  by  the  hematozoa,  either  by  secretion  or  by  chemical  changes  induced 
in  the  blood. 

"Fresh  serum  after  filtration  through  Berkefeld  filters,  and  blood  or  serum  which 
had  been  kept  for  days  in  a  sterile  condition  till  the  hematozoa  had  died,  have  had 
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no  specific  toxic  effects,  even  when  large  quantities  have  been  injected  into  dogs, 
rats,  or  rabbits.  Blood  in  which  the  hematozoa  have  been  killed  by  exposure  to 
50°  C.  has  had  no  more  effect.  The  extracts  of  organs  obtained  from  diseased  ani- 
mals have  also  shown  no  poisonous  properties. 

"  The  whole  available  blood  of  highly  diseased  rabbits  has  been  injected  imme- 
diately after  removal  into  healthy  rabbits  without  producing  immediate  symptoms 
of  acute  intoxication. 

"The  bile  of  diseased  animals  does  not  appear  to  be  more  toxic  than  that  of  healthy 
animals. 

"A  cat,  into  the  peritoneal  cavity  of  which  a  collodion  sac  full  of  fresh  infected 
blood  had  been  inserted,  showed  no  signs  of  illness.  It  was  fully  susceptible  on  sub- 
sequent inoculation. 

"  Dogs,  when  injected  with  large  quantities  of  filtered  serum  from  an  infected  dog, 
showed  no  symptoms  of  a  profound  toxemia. 

"  Our  experiments  do  not  point  to  the  presence  of  any  intense  specific  toxin  or 
poison  in  the  blood. 

VIII.  Immunization  and  cure. 

"  The  endeavors  to  produce  immunity,  or  to  cure  the  disease  after  its  establish- 
ment, are  shortly  summed  up  as  follows: 

"  1.  Animals  which  have  been  repeatedly  injected  with  blood  or  serum  of  nagana 
animals,  such  blood  or  serum  having  been  previously  freed  from  living  hematozoa, 
either  by  filtration,  heat,  or  by  allowing  it  to  stand  for  a  week  or  longer,  have  not 
shown  the  slightest  degree  of  an  acquired  immunity.  Rats,  rabbits,  and  dogs  have 
been  tested  in  this  manner,  but  none  of  these  animals  have  shown  any  diminution 
in  susceptibility. 

"2.  Animals  repeatedly  injected  with  extracts  of  the  organs  of  diseased  animals 
have  acquired  no  resistance. 

"3.  The  blood  of  almost  full-term  fetuses,  prematurely  born  of  highly  diseased 
rabbits,  has  been  tried,  but  without  the  slightest  success  in  prevention  or  cure. 

"4.  The  guinea  pig  being  a  comparatively  resistant  animal,  its  serum  has  been 
used,  but  it  also  has  no  immunizing  action. 

"5.  Repeated  inoculations  of  bile  of  diseased  animals  have  been  without  preventive 
or  curative  effects,  although  in  vitro  bde,  which  is  always  free  from  hematozoa,  rap- 
idly destroys  the  hematozoa.  Infective  blood  mixed  with  sufficient  bile  becomes 
noninfective,  but  confers  no  immunity. 

"6.  Previous  inoculations  with  the  hematozoon  of  the  ordinary  rat  (T.  sanguinis 
[T.  Lewm\)  have  also  been  valueless. 

"7.  Sewer  rats  and  white  rata  which  have  been  repeatedly,  but  unsuccessfully, 
inoculated  with  the  ordinary  rat  hematozoon  ( T.  sanguinis  [  T.  l£wis%\ ) ,  and  have 
been  proved  to  be  refractory  to  further  inoculations  with  this  hematozoon,  have  all 
contracted  nagana  when  subsequently  inoculated,  and  have  died  in  the  same  time  as 
control  animals  treated  with  an  equal  dose  of  infective  blood. 

"8.  The  young  born  of  infected  mothers  (dog,  guinea  pigs)  are  no  more  resistant 
than  those  born  of  normal  animals. 

"9.  As  already  stated,  by  constant  transmission  through  different  species,  the 
nagana  hematozoon  has  shown  no  definite  loss  or  gain  in  the  intensity  of  virulence. 

"10.  Of  immunizing  sera  the  diphtheria  antitoxin  and  antistreptococcus  serum  have 
been  used,  but,  as  we  expected,  without  the  slightest  effect;  they  neither  protect  nor 
cure. 

"11.  Dieting. — Rats  have  been  fed,  on  the  one  hand,  exclusively  with  meat,  and, 
on  the  other,  with  green  vegetables;  in  neither  case  has  any  increased  resistance  or 
prolongation  of  life  resulted  from  this  alteration  in  diet. 
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"12.  Excision  of  the  lymphatic  glands  immediately  after  inoculation  or  afterthey 
have  begun  to  show  enlargement  has  been  of  no  avail. 
"13.  Feeding  with  hematozoa  also  conveys  no  immunity. 

IX.  Allied  hematozoa. 
[See  also  pp.  33-J3.] 
1.  Trypanosoma  sanguinis  [  T.  I^wisi] . 
[Sec  also  p.  33.] 

"As  already  mentioned,  in  sewer  rats  (Mm  deemnanus)  a  Trypanosoma  may  be 
found  in  a  certain  percentage  of  individuals.  This  hematozoon  is  distinct  from  that 
of  nagana  morphologically,  and  also  as  regards  its  pathogenic  effects.  Thus  ( 1 )  the 
T.  8anguinis[T.  Lewisi]  has  not  been  communicated  to  the  dog,  cat,  rabbit,  or  mouse, 
even  when  large  quantities  of  blood  were  used  for  inoculation.  (2)  In  some  guinea 
pigs  it  has  been  found  in  very  small  numbers  in  the  blood  for  two  or  three  consec- 
utive days,  usually  from  about  the  fifth  day  after  injection;  but  there  has  been  no 
persistence.  (3)  In  white  rats  many  unsuccessful  inoculations  have  been  made  with 
the  T.  sanguinis  [7'.  Lewisi],  even  with  considerable  doses,  and  it  appears  that  (lie 
minimal  infective  dose  is  larger  than  with  the  nagana  Trypan onoina.  (4)  White  rats 
may  lose  the  hematazoon  after  they  have  been  proved  to  have  been  successfully 
inoculated  with  the  T.  sanguinis  [71  Jjetirisf],  (5)  Some  of  those  which  had  had,  and 
then  lost,  the  parasite  proved  refractory  on  reinoculation.  Black  and  white  (pie- 
bald) rats.have  never  been  successfully  inoculated  in  our  experience.  (6)  No  rat 
has  been  successfully  inoculated  with  the  T.  sanguinis  [T.  Lewisi],  except  at  the  first 
attempt.  (7)  We  have  not  been  able  to  recognize  any  illness  after  successful  inoc- 
ulations with  T.  sanguinis  [71  Leirisi].  Any  pathogenic  effect  it  may  have  must  be 
slight.  Infected  rats  remained  alive  for  months;  we  have  not  observed  any  instance 
where  death  was  to  be  ascribed  to  the  hematozoon. 

"R.  Koch"  examined  rats  in  Dar-es-salam,  and  also  recognized  differences  between 
the  hematozoon  of  the  local  rats  and  the  Trypanosoma  of  the  tsetse  disease. 
Whether  the  Trypanosoma  occurring  in  the  African  rats  examined  by  him  is  identical 
with  that  occurring  in  our  English  rats  we  can  not  decide,  although  from  the  brief 
description  given  by  Koch  they  certainly  closely  resemble  each  other.  Nor  did  Koch 
succeed  in  infecting  animals  other  than  rats  with  the  African  rat  Trypanosoma.  He 
therefore  showed  that  the  parasites  which  occur  in  the  blood  of  rats  (in  Dar-es-salam) 
do  not  stand  in  any  relation  whatever  to  the  tsetse  disease  of  horses  and  cattle.  In 
this  connection  the  observations  of  Bruce  are  of  great  value,  because  they  prove  that 
in  big  game  the  tsetse  parasite  certainly  does  occur  without  apparently  causing  acute, 
fatal,  or  even  obvious  disease;  in  the  same  manner,  this  parasite  may  sojourn  in  the 
body  of  the  guinea  pig  for  weeks  and  months  without  interfering  with  the  health  and 
development  of  the  animal  for  a  long  time.  Furthermore,  Bruce  (in  an  unpublished 
report)  has  made  similar  observations  on  the  South  African  goat  and  sheep;  he 
shows  that  in  these  animals  the  disease  runs  an  extremely  protracted  course,  and 
lasts  for  months. 

2.  Trypanosoma  of  surra  (Trypanosoma  Evansi). 
[See  also  p.  35.] 

"  Koch  announces  that  the  disease  known  as  surra  in  India  and  the  tsetse  disease  of 
Africa  are  produced  by  the  same  parasite.  His  reasons  for  this  assumption  are  appar- 
ently not  based  on  extensive  personal  comparative  observation. b  Lingard,  working 
in  areas  naturally  infected  with  surra,  has  not  clearly  distinguished  between  the  Try- 
panosoma of  surra  and  that  occurring  in  rats  in  India.  His  account 'of  surra  as  it 
occurs  in  rabbits  and  guinea  pigs  and  rats  is  suggestive  of  this  disease  being  closely 

"Reiseberichte,  1898a,  pp.  70  and  71.       b  Reiseberichte  [1898a],  p.  66. 
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similar  to  nagana,  but  it  is  impossible  for  us  to  pretend  to  give  any  final  decision 
in  the  matter.  To  illustrate  the  confusion  in  which  Lingard  has  placed  the  matter, 
it  may  be  pointed  out  that  he  writes  that  cows,  horses,  monkeys,  and  field  rats  are 
susceptible  to  inoculation  with  the  ordinary  Indian  rat  hematozoon,  but  that  rabbits, 
guinea  pigs,  dogs,  cats,  and  donkeys  are  insusceptible,  but  he  adds  that  the  latter 
animals  are  susceptible  after  this  rat  hematozoon  has  been  passed  through  the  horse. 
He  also  asserts  that  surra  can  be  produced  in  horses  by  feeding  on  the  excrement  of 
rats.  These  observations  are  calculated  to  create  a  certain  amount  of  suspicion,  par- 
ticularly when  it  is  remembered  that  Vandyke  Carter  failed  to  infect  horses  with  the 
Indian  rat  Trypanosoma.  °  For  the  present,  therefore,  the  question  must  be  left  open 
till  an  opportunity  arises  of  studying  the  various  parasites  at  the  same  time  side  by 
side,  both  in  their  morphology  and  pathogeny. 

3.  Tri/panotfoma  of  Rovgct.^ 
[See  also  p.  37.] 

"Rouget  describes  Trypanosoma  disease  in  Algeria,  which  apparently  is  identical 
with  the  disease  described  by  Bruce.  Judging  from  the  drawings  and  descriptions, 
his  parasite  agrees  with  that  of  nagana.  He  will  not  commit  himself  as  to  the 
identity  of  his  parasite  with  that  of  surra.  White  rata  and  mice,  rabbits,  and  dogs 
exhibited  a  considerable  susceptibility,  while  guinea  pigs,  he  says,  were  refractory 
(possibly  because  he  did  not  recognize  the  ehronicity  of  the  disease).  Sewer  rats 
were  not  always  susceptible,  while  some  showed  a  relative  immunity.  It  seems, 
however,  that  he  did  not  reinoculate  them  so  as  to  test  their  immunity  again.  His 
description  of  the  symptoms  and  anatomical  appearances  in  mice,  rats,  rabbits,  and 
dogs  agrees  almost  exactly  with  our  own  observations.  He  claims  to  have  succeeded 
in  immunizing  a  number  of  mice  by  injecting  them  with  the  serum  of  an  infected 
rabbit  previous  to  inoculating  the  Trypanosoma;  six  mice  survived  altogether,0 
while  others  lived  for  17  to  23  days.  As  a  curative  agent  this  serum  was  useless. 
Guinea  pigs'  serum  also  had  no  preventive  action. 

A".  Biology  of  lite  nagana  hematozoon. 

"So  far  our  knowledge  of  the  nagana  parasite,  as  that  of  other  Trypanosomas,  is  very 
incomplete.  Rouget'1  has  failed  to  find  forms  corresponding  to  those  described  by 
Danilevsky  in  birds  and  by  Shalashnikov  in  rats,  and  Lewis  and  others  have  been 
equally  unsuccessful,  while  it  is  difficult  to  follow  Lingard  in  his  description  of  young 
forms.  We  have  not  succeeded  in  tracing  a  life  history,  and  we  are  still  in  search  of 
developmental  forms,  a  task  which  at  present  occupies  our  special  attention. 

"  1.  Most  commonly  in  blood,  etc.,  drawn  from  infected  animals  the  forms  described 
by  Bruce  are  found.  They  are  generally  in  active  movement  and  can  sometimes  be 
observed  in  locomotion  with  their  flagellated  end  forwards,  as  Lewis  described  in  the 
case  of  other  hematozoa;  in  many  cases  they  do  not  change  their  position  by  free 
swimming,  but  tend  to  fix  themselves  by  one  or  other  end  to  the  coverslip  or  to  cor- 
puscles or  cells  in  the  specimen.  They  thei  exhibit  more  or  less  rapid  oscillations, 
and  may  change  their  position  by  apparently  drawing  or  pushing  themselves  in  one 
direction  or  the  other.  Meanwhile  the  vibratile  membrane  waves  rapidly  and  the 
protoplasmic  body  alters  in  shape,  becoming  thicker  and  shorter  or  thinner  and 
longer.  In  the  case  of  the  English  rat  hematozoon  free  swimming  is  the  rule. 
Changes  in  the  shape  of  the  body  like  those  of  the  nagana  organism  are  not  observed. 

"2.  The  nagana  parasites  vary  considerably  both  in  size  and  form;  they  may  be 
long  and  pointed  or  blunt-ended  and  somewhat  stouter.    Some  individuals  are  short 

"Scientific  Memoirs  of  Med.  Officers  of  the  Army  of  India,  1887,  Part  III,  p.  56. 
"Annales  de  l'Institut  Pasteur,  1896,  vol.  10,  p.  716. 
°It  does  not  appear  whether  they  were  again  tested. 
dLoc.  cit.  [1896],  pp.  722  and  723. 
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and  thick  with  a  short  flagellum,  their  protoplasm  being  crowded  with  rounded 
granules.  Still  larger  forms  possessing  more  than  one  vibratile  membrane  are 
sometimes,  though  rarely,  met  with. 

"3.  Especially  in  specimens  taken  from  lymphatic  glands,  but  also  in  specimens 
obtained  from  the  blood,  etc.,  there  is  a  clear  vacuole  at  the  thick  end.  This  does 
not  become  stained  with  staining  reagents.  It  varies  much  in  size  in  the  different 
individuals,  but  we  have  watched  in  vain  for  evidence  that  it  is  of  a  contractile 
nature. 

"  4.  By  means  of  hemalum  or  hematoxylin  a  nuclear  body  can  be  demonstrated  in 
the  middle  of  the  parasite. .  It  is  usually  oval,  but  may  be  more  saddle-shaped.  The 
protoplasm  also  contains  a  number  of  granules  which  stain  with  basophil  reaction 
(methylene-blue,  thionin,  etc. ) ;  these  are  somewhat  variable  in  number,  being  fewer 
in  specimens  in  which  the  protoplasm  is  more  refractive,  e.  g.,  from  lymphatic  gland. 
These  granules  are  distributed  irregularly  throughout  the  body  of  the  parasite;  they 
do  not  occur  in  the  membrane  or  the  flagellum.  The  chromatin  spot  situated  close 
to  the  non flagellated  end  in  the  T.  sanguinis  [T.  Lewisi]  is  not  defined  in  the  nagana 
Trypanosoma.  The  T.  sanguinis  [T.  Lewisi]  also  does  not  stain  at  all  readily  even  by 
basic  aniline  dyes  (dahlia,  fuchsin,  etc.)  while  that  of  tsetse  disease  is  more  readily 
colored  by  these  reagents. 

"5.  Examples  joined  by  the  poles  opposite  the  flagellum  are  common  at  times, 
but  although  they  suggest  perhaps  conjugation,  we  have  no  evidence  that  this 
process  does  really  occur.  After  prolonged  observation  no  further  changes  have 
been  noticed  in  these  jointed  individuals. 

"In  freshly  drawn  blood,  or  in  the  lymph  of  lymphatic  glands,  or  in  pleural  and 
peritoneal  fluid,  when  the  hematozoa  are  common,  tangles  made  up  of  numerous 
hematozoa  have  been  observed;  this  has  been  already  described  by  Lewis.  The 
hematozoa  often  converge  with  their  nonflagellated  ends  toward  one  common  point. 
In  lymphatic  glands,  before  the  hematozoa  are  found  in  the  blood,  such  tangles  may 
be  present  in  great  numbers. 

"6.  Forms  consisting  apparently  of  two  individuals  joined  side  by  side  by  their 
bodies,  the  flagella  being  free,  have  been  observed  on  rare  occasions;  from  prolonged 
observation  in  the  living  state  we  have  no  reason  to  suppose  that  these  are  under- 
going longitudinal  fission.  Especially  in  kept  blood,  etc.,  many  of  the  hematozoa 
may  present  a  rhomboid  outline  while  still  motile. 

"In  drawn  blood  or  serous  fluids  the  hematozoa  eventually  become  motionless; 
this  may  occur  rapidly,  for  instance  in  20  minutes,  but  generally  some  motile  speci- 
mens can  be  found  after  2  to  3  days — sometimes,  indeed,  after  as  long  as  5  or  6.  When 
they  are  abundant,  the  tangles  above  noted  are  formed.  Then  the  bodies  of  the 
organisms  become  rounded,  the  nuclear  bodies  becoming  more  distinct  and  readily 
stainable  (hematoxylin  or  basic  aniline  dyes).  At  the  same  time  the  vibratile  mem- 
brane or  fin  and  the  flagellum  separate,  forming  a  rather  rigid  filament.  Eventually 
(generally  after  3  to  4  days)  masses  of  spherules  alone  remain;  these  apparently  cor- 
respond to  the  nuclear  bodies.  In  numerous  experiments  these  structures  have 
uniformly  proved  to  be  noninfective,  and  it  must  therefore  be  inferred  that  if  they 
are  not  simply  degeneration  products,  they  require  other  conditions  for  their  further 
development  than  those  that  are  found  in  warm-blooded  animals.  All  individuals, 
however,  do  not  pass  through  these  changes;  some,  or  even  all,  may  simply  become 
nonmotile,  stiff,  and  pale,  at  the  same  time  retaining  their  form.  In  numerous 
attempts  at  cultivation  in  normal  blood,  similar  phenomena  are  observed  without  any 
evidence  of  multiplication.  Within  a  corpse  the  blood  and  organs  become  nonin- 
fective in  about  24  hours,  the  changes  in  the  hematozoa  being  similar  to  those  just 
described. 

"Exposure  for  several  hours  in  an  atmosphere  of  hydrogen  or  C02  has  no  appre- 
ciable effect  on  the  motility  of  hematozoa  in  blood-free  serous  fluids.  The  hema- 
tozoa are  also  fully  active  in  hosts  killed  by  ether,  chloroform,  or  coal  gas. 
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"7.  Oval  forms,  smaller  than  the  ordinary  hematozoa,  with  (or  without)  a  short 
flagellum,  and  often  with  a  'beak'  at  the  opposite  pole,  have  been  observed  in  the 
organs,  but  rarely  in  circulating  blood. 

"8.  Small  rounded  or  ovoid  bodies,  about  1  to  2  n  in  diameter,  hyaline,  sometimes 
with  a  refringent  chromatin  spot  or  bipolar  spots,  or  irregular  (?  amoeba-like)  bodies, 
also  sometimes  with  a  chromatin  spot  and  of  the  same  size  or  rather  larger,  have 
been  observed,  especially  in  the  lymphatic  glands  and  bone  marrow,  or  spleen.  It 
is  possible  that  these  are  early  stages  in  the  development  of  the  hematozoon.  No 
forms  have  been  seen  at  any  time  within  the  red-blood  corpuscles. 

"9.  Neither  sporocystic  nor  larger  distinctly  amoeboid  forms  have  been  observed. 

"  As  our  observations  on  the  development  of  the  parasites  are  still  in  an  incom- 
plete condition,  this  short  statement  must  suffice,  and  a  more  detailed  description 
must  be  left  for  a  future  occasion,  when  we  submit  a  full  report  upon  our  work." 

19505— No.  42—02  10 


MAL  DE  CADEBAS. 


In  South  America  there  exists  an  equine  disease  which  is  more  or 
less  closely  related  to  surra  and  dourine.  Lecler  (1899,  p.  6)  was 
inclined  to  consider  it  of  bacterial  origin,  but  Elmassian  (1901a,  p.  604) 
and  Voges  (1901a,  p.  598)  consider  it  .due  to  a  Trypanosoma,  for  which 
Voges  proposed  the  name  Trypanosoma  equinum.  The  parasites  are 
most  numerous  in  the  circulation  during  the  rise  of  temperature. 
Upon  its  reaching  40°  to  41°  C,  they  gradually  disappear,  but  reappear 
upon  the  next  increase  in  temperature.  In  length  the  trypanosomes 
are  three  to  four  times  the  diameter  of  a  red-blood  corpuscle. 

This  malady  extends  from  the  Argentine  provinces  St.  Fe  and  Cor- 
rientes  on  the  south  to  Chaco,  Missiones,  Paraguay,  Matto  Grosso, 
and  Bolivia  on  the  north.  It  is  a  "  wet  weather  "  disease,  which  almost 
completely  disappears  in  dry  seasons.  Horses,  mules,  asses,  swine, 
and  water  hogs  are  said  to  be  affected,  and  horses  are  never  known  to 
recover.  It  is  chronic  in  course,  lasting  2  to  5  months  in  horses  and 
6  to  12  months  in  asses  and  mules.  The  clinical  symptoms  are  described 
as  an  intermittent  fever,  the  temperature  usually  rising  slowly,  then 
suddenly  falling  to  normal;  rapid  progressive  emaciation;  dark-red 
urine  occasionally  containing  albumen  and  blood;  the  red-blood  cor- 
puscles decrease  in  number,  and  the  microscopic  changes  of  pernicious 
anemia  appear;  the  lymphocytes  and  especially  the  eosinophiles  increase 
considerably  in  number;  the  most  marked  symptom  is  a  S3*mmetrical  or 
an  asymmetrical  paresis  of  the  hind  legs;  defecation  and  urination  (coin- 
ciding with  paralysis  of  the  sphincter  ani  and  of  the  bladder)  difficult; 
dyspnea;  appetite  and  extreme  thirst  preserved  to  the  last;  gradual 
extension  of  the  paralysis  to  other  parts  of  the  body ;  edema  frequent. 
On  postmortem  there  are  noticed  enlargement  of  the  spleen  and  of  the 
lymphatic  glands;  serofibrinous  exudations  in  the  body  cavities;  liver 
enlarged  and  engorged  with  blood;  heart  flabby;  lungs,  often  with 
hemorrhagic  herds,  and  subpleural  emphysematous  patches;  catarrhal 
condition  of  the  respiratory  passages,  and  pathologic  changes  in  the 
spinal  cord. 

The  blood  is  infectious  upon  inoculation,  but  not  upon  ingestion; 
white  and  gray  rats  and  mice,  rabbits,  guinea  pigs  (rarely),  dogs,  goats, 
sheep,  chickens,  turkeys,  ducks,  monkeys  (Nyctijoithecus  felinus),  and 
other  animals  are  said  to  contract  the  disease  upon  inoculation. 

Treatment  with  quinine,  methylene  blue,  arsenic,  enterol,  perman- 
ganate of  potassium,  and  other  drugs  has  been  without  success. 

[Since  the  above  was  sent  to  press^  an  extensive  and  valuable  article 
on  mal  de  caderas  has  been  published  by  Voges  (1902,  pp.  323-372, 
pi.  5,  figs.  1-7),  to  which  the  reader  is  referred  for  further  details.] 
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RAT. 

Considerable  confusion  has  resulted  in  literature  because  of  the 
misinterpretation  of  trypanosomiasis  in  rats.  Thus  the  parasite  of 
horse  surra  in  India  has  been  confused  with  the  common  trypanosome 
of  Parisian  and  London  rats.  From  present  data  it  appears  that  rats 
(Mm  decumanus  and  others)  may  harbor  at  least  five  species  of  Try- 
panosoma, namely:  (1)  Trypanosoma  Lewisi,  the  form  usually  known 
as  the  rat  trypanosome,  and  usually  looked  upon  as  a  comparatively 
harmless  organism.  It  is  apparently  quite  common  in  rats  in  wet 
weather,  while  four  other  species — namely,  (2)  Trypanosoma  equiper- 
dum,  the  supposed  cause  of  dourine;  (3)  Trypanosoma  Brucii,  the 
cause  of  tsetse-fly  disease;  (4)  Trypanosoma  fivansi,  the  cause  of  surra; 
and  (5)  Trypanosoma  equinum,  the  cause  of  mal  de  caderas — are  all 
transmissible  to  rats. 

It  is  quite  apparent  from  Lingard's  accounts  that  he  did  not  always 
distinguish  between  Trypanosoma  Lewisi  and  T.  Evansi,  and  this 
fact  explains  a  number  of  apparently  contradictory  results  in  his 
experiments. 

Thus,  Lingard  (1894a,  pp.  4-5)  says: 

EXPERIMENTS  ON  ANIMALS  WITH  THE  HEMATOZOON  OF  THE  RAT. 

"Proof  was  wanting  that  this  hematozoon  was  capable  of  producing  surra,  when 
blood  containing  the  organism  was  subcutaneously  injected  into  horses  and  some 
other  species  of  animals.  As  early  as  November,  1890,  I  commenced  a  series  of 
experiments  for  the  purpose  of  deciding  the  above  question  and  obtained  positive 
results,  but  found  that  the  periods  of  incubation  were  more  prolonged  than  in  horse 
surra,  in  one  case  being  as  much  as  63  days.  Notwithstanding  this,  the  virulence  of 
the  disease  when  once  developed  was  intense,  as  shown  by  the  short  period  during 
which  the  animal  survived  after  the  appearance  of  the  hematozoon  in  the  blood,  this 
being  in  three  cases  only  2  to  5  days. 

INOCULATION  WITH  THE  SOILED  BLOOD  OF  THE  RAT  (MuS  deCUmaUUs). 

"Of  12  horses  inoculated  with  soiled  rat's  blood,  4  animals  contracted  surra,  or 
33.3  per  cent: 

(1)  Period  of  incubation  lasted  18  days;  animal  lived  19  days. 

(2)  Period  of  incubation  lasted  29  days;  animal  lived  2  days. 

(3)  Period  of  incubation  lasted  13  days;  animal  lived  2  days. 

(4)  Period  of  incubation  lasted  63  days;  animal  lived  5  days. 
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"Although  the  latent  period  of  rat  surra  was  so  prolonged  in  the  first  instance,  when 
inoculated  from  rat  to  horse  (average  40.7  days),  it  immediately  returned  to  the 
normal  period  (average  7  to  8  days) ,  when  a  second  horse  was  inoculated  with  the 
blood  of  the  first  affected.  The  latent  period,  however,  becomes  still  more  reduced 
(5  days)  when  a  third  animal  is  inoculated  with  the  blood  of  the  second. 

"2.  Horses  unsuccessfully  inoculated  and  reinoculated  subcutaneously  with  the  rat 
hematozoon,  when  subsequently  inoculated  with  horse  surra  blood  show  no  protec- 
tion from  the  former,  but  acquire  the  disease  after  an  incubation  period  of  6  to  10  days. 

"3.  Animals  other  than  horses  which  contracted  the  disease  were  bovines,  monkeys, 
and  field  rats,  while  the  rabbit,  guinea  pig,  fowl,  cat,  dog,  and  donkey  proved  refrac- 
.  tory  to  the  rat  hematozoon.  But  all  the  above  animals  with  the  exception  of  the 
fowl  were  very  susceptible  to  the  rat  hematozoon  when  it  had  first  been  passed 
through  the  horse. 

EXPERIMENTS  ON  THE  GASTRIC  INGESTION  OP  RATS*  EXCREMENT. 

"The  above  experiments  raised  the  question  as  to  how  rata  could  cause  the  disease 
in  horses;  for  the  food  would  rarely  if  ever  be  soiled  with  the  blood  of  these  animals. 
It  therefore  only  remained  to  be  tried  whether  the  excreta  of  rate,  in  whose  blood 
the  infusorian  was  present  at  the  time  of  its  collection,  could  cause  the  disease  when 
mixed  with  grain. 

"2.  In  1892  experiments  were  undertaken  at  Poona,  on  the  Decean  plateau,  where 
the  disease  is  not  enzootic,  and  where  the  difficulty  of  producing  it  was  fully  recog- 
nized, owing  to  the  dryness  of  the  situation  at  that  period  of  the  year  (December  to 
February).    These  experiments,  as  expected,  proved  negative. 

"  3.  At  a  later  date,  during  the  latter  half  of  the  hot  season  and  the  rains  of  1893, 
further  experiments  with  the  same  end  in  view  were  carried  out  in  Bombay,  where 
the  climate  is  favorable  from  its  humidity  and  the  disease  is  enzootic.  From  these 
positive  results  were  obtained,  the  incubation  period  occupying  4  months  (about 
June  to  September) ;  but  the  incubation  period  of  the  disease  will  probably  be  found 
to  vary  with  the  amount  of  moisture  present  in  the  atmosphere  and  amount  of 
materies  morbi  ingested  by  the  animal.  This  points  to  the  probability  of  a  number 
of  the  surra  cases  in  Bombay  being  contracted  through  the  ingestion  of  rata'  or 
bandicoots'  excreta  mixed  with  the  corn.  Although  not  yet  definitely  proved,  it  is 
more  than  likely  that  the  excreta  of  young  and  half-grown  bandicoots  have  the 
same  power  of  producing  the  disease,  as  the  hematozoon  is  also  frequently  present 
in  their  circulation." 

It  seems  to  us  that  the  above  statements  indicate  very  clearly  that 
at  least  two  species  of  Trypanosoma  were  present. 

Despite  this  confusion,  Lingard  (1895,  p.  10)  presents  some  exceed- 
ingly interesting  facts  regarding  trypanosomiasis  in  rats.  Thus,  from 
November,  1890,  to  May,  1895,  the  blood  of  3,105  rats  (Mus  decu- 
manus)  was  examined  microscopically,  and  1,084,  or  34.91  per  cent, 
were  found  to  contain  Trypanosoma,  while  in  2,021  cases,  or  65.09  per 
cent,  the  examination  was  negative. 

In  an  earlier  paper  Lingard  (1894,  pp.  3-4)  brings  out  the  following 
points,  which  are  of  interest  in  the  way  of  comparison: 

"Dividing  the  (Bombay)  year  into  two  periods — 

(1)  Dry  and  hot  (January  to  May,  inclusive), 

(2)  Rainy  and  humid  (June  to  December,  inclusive), 

we  find  that  during  the  period  November  [1890]  to  July,  1894,  421  out  of  a  total  ol 
1,107  rats  examined  contained  the  hematozoon  in  their  circulation.    It  was  present 
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in  31.53  per  cent  of  the  rats  caught  from  January  to  May,  and  40.31  per  cent  of  those 
obtained  from  June  to  December,  or  during  the  rainy  season.  Although  in  the  hot 
season  the  hematazoon  is  present  in  the  circulation  of  these  animals,  the  organisms 
are  very  few  in  number,  while  during  the  latter  period  of  the  year  they  are  far  more 
numerous,  the  percentage  of  cases  in  which  the  hematozoa  are  very  numerous  or 
swarming  being  24  in  the  dry  season  and  52.61  in  the  rainy  season,  or  in  a  ratio  of 
1:2.19. 

"3.  There  is  a  tendency  in  the  hematozoon  to  disappear  from  the  circulation  of 
some  rats  when  kept  in  captivity  and  supplied  with  clean  food  and  water. 

"4.  About  60  per  cent  of  young  rats  from  2  to  4  months  old  have  the  hematozoon 
present  in  their  circulation,  and  usually  in  large  numbers. 

"5.  The  blood  of  rats  obtained  from  certain  localities  was  almost  always  free  from 
the  hematozoon,  while  that  of  the  majority  of  rats  from  other  localities  was  affected. 

"  6.  The  hematozoon  of  the  rat  appears  to  disappear  from  the  circulation  at  irreg- 
ular intervals,  thus  producing  paroxysms  and  intermissions,  as  in  the  case  of  surra 
in  the  horse. 

"7.  The  presence  in  varying  numbers  of  the  hematozoon  in  the  circulation  of 
rats  does  not  appear  to  produce  any  noticeable  symptoms  in  the  great  majority  of 
them.  But  some  few  rats  whose  blood  swarmed  with  the  hematozoon  have  succumbed 
to  leucocytosis,  with  extravasations  of  blood  containing  the  organism  into  the  anterior 
chamber  and  vitreous  humors  of  the  eye,  opacity  of  the  cornea,  enlarged  spleens, 
and  extravasations  of  blood,  or  in  some  cases  ulceration  of  the  mucous  membrane  of 
the  stomach. 

"8.  It  has  been  observed  in  a  considerable  number  of  cases  that  although  the 
hematozoon  may  be  present  in  vast  numbers  in  the  blood  of  pregnant  rats  (Mus 
decumanus),  in  no  case  has  the  hematozoon  been  discovered  in  the  circulation  of  the 
fetus. 

"9.  Parasites,  stomach. — Nematode  worms  varying  in  number  and  dimensions 
were  found  in  the  stomach  of  rats  in  which  the  hematozoon  was  either  present  or 
absent.    In  a  total  of  203  examined,  nematodes  were  found  in  40,  or  19.75  per  cent. 

"10.  Saliva. — Microscopical  examination  of  saliva  proved  the  absence  of  the 
Trypanosoma  when  the  hematozoon  was  swarming  in  the  blood  at  the  same  time. 
Immediately,  however,  a  slight  wound  of  the  mucous  membrane  of  the  mouth  was 
made,  the  organisms  were  discovered  in  varying  numbers,  according  to  the  amount 
of  blood  mixed  with  the  saliva. 

"11.  Urine. — The  hematozoon  was  always  absent  from  the  urine  of  rats,  although 
swarming  in  the  circulation  at  the  time  of  examination. 

"12.  Bandicoots  (Mus  (Nesokia)  giganteus). — Previous  observers  have  denied  the 
presence  of  the  hematozoon  in  the  bandicoot,  but  as  early  as  1892  I  demonstrated 
the  presence  of  the  organism  in  the  blood  of  young  and  half-grown  animals  of  this 
species,  whether  caught  in  Bombay  and  its  surroundings  or  on  the  Deccan  plateau, 
but  it  has  been  absent  from  all  full-grown  animals  examined. 

"13.  MuskraU  (Sorex  carrulescens)  and  mice  (Mus  species). — The  hematozoon  has 
not  been  found  in  the  blood  of  these  animals." 

In  his  summary  of  1895  Lingard  (1895,  pp.  11-13)  adds  the  follow- 
ing interesting  statement: 

"3.  It  will  be  seen  in  column  No.  8  that  the  percentage  of  rats  in  which  the 
organisms  were  present  in  the  circulation  was  highest  during  those  months  which 
included  the  monsoon  season,  namely,  June  to  October,  inclusive;  and  during  the 
remaining  months  the  percentage  gradually  decreased  until  April  was  reached.  The 
difference  between  the  maximum,  46.70,  and  the  minimum,  23.47,  percentages  in 
July  and  April,  respectively,  is  23.23,  or  nearly  half  (50  per  cent). 
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Table  showing  the  ratio  of  spleen  weight  to  body  weight  when  the  hematozoon  is  present  or 
absent  from  the  circulation  of  rats  (Mus  decumanus),  male  and  female,  whose  body 
weigJUs  are  over  or  under  60  grams. 


Hematozoon  present  or  absent  in  the 
blood. 

Num- 
ber of 
rats. 

Males  un- 
der 60 
^rams  ratio 
S.  to  B.  W. 

Num- 
ber ol 
rats. 

Females 
under  60 
grams  ratio 
S.  to  B.W. 

Num- 
ber of 
rats. 

Males  over 
60  grams, 
S.  to  B.W. 

Absent    

Few  

186 
49 
44 

'  47 
78 

1:228.4 
1:139.8 

J  1:136.6 

1:107.2 

171 
48 

J  32 
I  28 
55 

1:232.2 
1:201.5 

|  1:166.8 

1:119.2 

455 
104 
f  37 
I  22 
23 

1:205.5 
1:190.0 

j  1:164.3 

1:137.9 

Numerous  

Very  numerous  

Swarming  

Total  

404 

334 

641 

Present  

Absent  

Total  

218 
186 

1:125.7 
1:228.4 

163 
171 

1:157.4 
1:232.2 

186 
455 

1:169.1 

1:205.5 

404 

334 

641 

Hematozoon  present  or  absent  in  the 
blood. 

Num- 
ber of 
rats. 

Females 
over  60 
grams,  ratio 
S.  to  B.W. 

Num- 
ber of 
rats. 

Males  and 
females 
under  60 
grains  ratio 
S.  to  B.  W. 

Num- 
ber of 

Males  and 
females 
over  60 
grams  ratio 
S.  to  B.W. 

Absent  

Few  

578 
95 
29 
23 
22 

1:203.3 
1:144.3 

|  1:137.4 

1:087.5 

357 
97 

[  76 
\  76 

1S3 

1:230.3 
1:166.7 

j  1:147.4 

1:112.0 

1,033 
199 
f  66 

1  45 
45 

1:204.3 
1:165.7 

J  1:146.9 

1:108.1 

Very  numerous  

Total  

747' 

738 

1,388 

Present   

Absent  

Total.....  

169 

578 

1:131.2 
1:203.3 

381 
357 

1:139.3 
1:230.3 

355 
1,033 

1:149.9 
1:204.3 

747 

738 

1,388 

"5.  It  will  be  seen  from  the  above  table  that  the  weight  of  the  spleen  increased 
(from  a  minimum  in  the  absent  cases)  in  regular  gradation  according  to  the  number 
of  hematozoa  present  in  the  circulation  of  the  rats. 

"6.  Pregnant. — Of  2,154  rats  examined  1,070  were  males  and  1,084  females. 
Seventy-seven  females  were  pregnant,  the  hematozoon  being  present  in  the  blood  of 
19  and  absent  from  it  in  58;  or  a  percentage  of  32.75,  as  against  67.25.  In  no  instance 
has  the  Trypanosoma  been  discovered  in  the  circulation  of  the  fetus,  although  at  the 
same  time  it  was  present  in  varying  numbers  in  the  blood  of  the  mother. 

"7.  Parasites  (stomach). — Nematode  worms,  varying  in  number  and  dimensions, 
were  found  in  the  stomachs  of  rats  (in  some  instances  the  above  organ  was  fully  dis- 
tended by  the  number  of  parasites),  in  which  the  hematozoon  was  either  present  or 
absent. 

"In  2,154  examined  during  the  year,  nematodes  were  found  in  23.58  per  cent. 
But  it  is  of  interest  to  note  that  during  the  rainy  season — June  to  November — the  per- 
centage was  16.27,  whilst  during  the  months  December  to  May  it  rose  to  29.36  per 
cent.  The  percentage  varied  during  the  twelve  months  from  7.25  in  July  to  37.50  in 
April.  . 

"8.  The  great  majority  of  rats  present  the  hematozoon  in  their  circulation  sometime 
during  the  rainy  season.  From  our  observations  the  spleen  attains  its  maximum 
size  toward  the  end  of  the  rains,  and  from  that  period  the  size  of  the  organ  gradually 
diminishes  during  the  dry  and  hot  season,  until  the  advent  of  the  following  monsoon, 
unless  occasional  heavy  rains  fall  between  November  and  May. 
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"9.  It  has  been  observed  during  the  middle  of  the  hot  and  dry  season  that  when 
rain  suddenly  falls  after  a  long  period  of  drought  (4  months)  the  percentage  of  animals 
in  which  the  hematozoon  is  found  increases  rapidly  in  the  first  few  days  (7)  follow- 
ing the  fall.  The  percentage  then  rapidly  falls,  and  a  second  maximum  is  reached 
during  the  fourth  week. 

"  The  increase  of  percentage  in  the  first  week  was  found  to  be  7.5,  while  the  maxi- 
mum in  the  fourth  week  was  11  per  cent. 

EXPERIMENTS  WITH  THE  HEM ATOZOON  OF  THE  RAT  (MuS  deCUmamis). 

"Horses  injected  subcutaneously  on  numerous  occasions  with  rat's  blood  contain- 
ing swarms  of  the  hematozoa  proved  refractory  to  the  rat  disease,  but  readily  con- 
tracted surra  in  the  usual  period  (5  to  7  days)  when  a  small  scratch  on  the  muzzle 
was  smeared  with  a  trace  of  soiled  guinea  pig  blood. 

BANDICOOT. 

EXPERIMENTAL  INVESTIGATIONS  RE  HEMATOZOON  IN  BANDICOOTS. 


Showing  Hie  bandicoot*  (Mus  (Nesokia)  giganteus)  examined  from  July,  1894,  to  end  of 
April,  1895,  and  the  relative  number  of  hematozoa  in  their  circulation. 


Hematozoa  in  blood. 

In  field 
of  micro- 
scope. 

Number 
of  bandi- 
coots. 

Percent- 
age. 

74.66 
4.66 
6.33 
8.00 
7.33 

Ahsent .             . . .                   ....  .       

112 
7 
8 
12 
11 

Few  

1  to  5 
5  to  20 
20  to  50 
Over  50 

Very  numerous  

Swarming   

Total  

150 

100.00 

Ahsent.   ...   ....   .  .     

112 
38 

74.66 
25. 33 

Present  

"The  experiments  made  during  the  past  year  confirm  our  last  year's  observations 
as  to  the  presence  of  the  Trypanosoma  in  the  circulation  of  young  and  half-grown 
animals  of  this  species  and  their  almost  entire  absence  from  full-grown  animals 
examined.    This  exception  occurs  during  the  wet  season. 

"2.  Several  varieties  of  the  Trypanosoma  have  been  found  in  the  blood  of  bandi- 
coots but  they  appear  to  belong  to  the  same  species. 

"3.  The  difficulty  experienced  in  obtaining  bandicoots  on  the  Deccan  plateau 
militated  against  the  attempt  on  our  part  to  obtain  a  complete  knowledge  of  the 
conditions  of  the  blood  of  these  animals  during  each  month  of  the  year.  But  it  is 
more  than  probable  from  our  present  knowledge  that  the  same  changes  with  regard 
to  the  Trypanosoma  during  the  dry  and  wet  seasons  occur  in  the  circulation  of  bandi- 
coots as  those  detailed  as  observed  in  the  rat. 

"4.  Nematode  worms,  varying  in  numbers  and  dimensions  (one-half  to  5  inches 
in  length)  were  found  in  the  stomachs  of  bandicoots,  in  many  instances  completely 
distending  the  organs.  In  a  total  of  150  animals  examined,  nematodes  were  found 
in  90,  or  60  per  cent. 

"5.  The  livers  of  these  animals  were  also  the  seat  of  extensive  changes  caused  by 
the  presence  of  vast  numbers  of  nematode  eggs,  some  of  which  mature  'in  situ,'  and 
frequently  the  young  worms  escape  into  the  peritoneal  cavity. 

"6.  The  chief  pathological  changes  observed  were  ulceration  (sometimes  extenr 
sive)  of  the  villous  portion  of  the  stomach,  and,  as  an  effect  of  the  former,  the 
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formation  of  diverticula,  the  walls  of  the  sac  heing  formed  of  thickened  peritoneum 
extravasations  of  blood  under  the  submucous  tissues,  enlarged  spleen  (4  or  5  times 
normal),  and  less  frequently  abscess  of  liver,  spleen,  and  subcutaneous  tissues. 

"7.  As  in  the  case  of  pregnant  rats,  so  in  that  of  pregnant  bandicoots;  although 
the  Trypanosoma  was  present  in  vast  numbers  in  the  blood  of  the  mother,  in  no 
instance  has  it  been  discovered  in  the  circulation  *>f  the  tetus. 

"8.  The  blood  of  the  majority  of  bandicoots  during  the  rainy  season  was  found 
to  contain  an  exceedingly  minute  spirillum,  even  when  the  Trypanosoma  was  absent 
from  their  circulation.  Babbits  and  guinea  pigs  inoculated  subcutaneously  with 
blood  containing  this  organism  contracted  the  disease,  and  death  resulted  in  the 
majority  of  instances. 

INOCULATION  OP  ANIMALS  WITH  BANDICOOTS'  BLOOD. 

"1.  The  donkey  proved  refractory  to  the  Trypanosoma  of  the  bandicoot,  although 
blood  teeming  with  the  organism  was  on  numerous  occasions  subcutaneously  injected. 

"2.  Except  in  one  instance,  when  the  hematozoon  appeared  on  the  fourth  day 
after  inoculation,  and  death  occurred  on  the  forty-first  day,  guinea  pigs  generally 
proved  refractory  to  the  soiled  blood  of  the  bandicoot.    The  same  applies  to  rabbits. 

"3.  Rabbits  and  guinea  pigs  acquired  no  resistance  even  to  the  least  virulent  type 
of  surra,  when  subcutaneously  injected  daily  for  varying  periods,  with  large  quanti- 
ties of  full-grown  bandicoots'  blood,  sine  hematozoon." 


BIBLIOGRAPHY  OF  SURRA  AND  ALLIED  TRYPANOSOMATIC 

DISEASES. 


By  Albert  Hassall,  M.  R.  C.  V.  S., 
Aclmg  Assistant  Zoologist,  Bureau  of  Animal  Industry. 

The  following  bibliography  is  taken  from  the  card  catalogue  of  the 
Zoological  Laboratory  of  this  Bureau,  and  probably  contains  most  of 
the  titles  bearing  directly  upon  the  subject  under  discussion. 

For  the  benefit  of  Government  officials,  I  have  indicated  the  Gov- 
ernmental libraries  where  the  works  in  question  may  be  consulted,  as 
follows: 

Wa.  Library  of  the  United  States  Department  of  Agriculture. 

W°.  Library  of  Congress. 

Wm.  Library  of  the  Surgeon-General's  Office. 

W".   Library  of  the  Smithsonian  Institution. 

The  abbreviations  of  the  titles  of  journals  are  those  adopted  by 
the  Index-Catalogue  of  the  Surgeon-General's  Library  (q.  v.).  If  the 
date  under  the  author's  name  is  included  in  parentheses  the  reference 
could  not  be  verified. 

Agkic.  J.,  Cape  Town. 

1896. — The  tsetse  fly  disease  or  nagana  <Agric.  J.,  Cape  Town,  v.  9  (14),  July  9, 
pp.  358-360.  [W\] 

[Copy  of  a  discussion  in  Brit.  M.  J.  on  Brace's  preliminary  report 
on  tsetse  fly  disease,  or  nagana,  in  Zululand.] 
Am.  Med.,  Phila. 

1902.— Surra  <Am.  Med.,  Phila.,  v.  3  (5),  Feb.  1,  p.  175.    [W». ] 
Anacker.  [Diisseldorf.] 

1893. — Surra  <Encycl.  d.  ges.  Thierh.  u.  Thierzucht  (Koch),  Wien  &  Leipz., 
v.  10,  p.  140.  [W\] 

[Short  general  discussion.] 
Balbiani,  £douard  Gerard. 

1886.  — Evolution  des  micro-organismes  animaux  et  vegetaux  <J.  de  Microg., 

Par.,  v.  10  (12),  dec,  pp.  535-544,  pi.  5.    [W*,  W».] 

1887.  — Idem.    [Continued]  <Ibidem,  v.  11  (2),  fev.,  pp.  54-62;  (4),  avril,  pp. 

134-142;  (5),  mai,  pp.  170-177;  (6),  20  mai,  pp.  196-205;  (7) ,  5  juin,  pp. 
233-240;  (11),  25  aout,  pp.  365-373;  (12),  25  sept.,  pp.  393-406;  (13),  10 
oct,  pp.  434-446;  (14),  10  nov.,  pp.  463^76;  (15),  25  nov.,  pp.  499-511; 
(16),  10  dec,  pp.  534-544.    [W»,  W-.] 

1888.  — Idem.    [Continued]  < Ibidem,  v.  12  (1),  10  jan.,  pp.  11-19;  (2),  25  jan., 

pp.  41-49;  (5),  20  mars,  pp.  134-142;  (6),  20  avril,  pp.  173-182;  (7),  10 
mai,  pp.  205-212;  (8),  10  juin,  pp.  235-243;  (9),  10  juillet,  pp.  266-273; 
(10),  10  aout,  pp.  303-308;  (13),  25  oct,  pp.  394-400;  (14),  10  nov.,  pp. 
42W29;  (17),  25  dec,  pp.  517-523,  1  fig.    [W%  W1".] 

[Trypanosoma,  sanguinis,  p.  397;  T.  Balbianii,  p.  398;  Trichomonas 
sanguinu^Tripanosoma,  p.  399.] 
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Blanchard.    [Veterinarian  in  French  army.] 

1888.  — Etude  sur  une  maladie  speciale  des  mulets  imported  au  Tonkin  pour  le 

service  de  l'armee  et  considerations  sur  l'acclimatement  de  l'espice 
chevaline  en  Extreme-Orient  <Bull.  Soc.  centr.  de  mecl.  v6t.,  Par.,  v.  6, 
pp.  694-701  [discussion,  pp.  701-702.]    [W«,  Wm.] 

1889.  — "Surra"  in  Annam.    [Brief  review  of  Blanchard,  1888]  <  Vet.  J.,  lxuid., 

v.  28,  Feb.,  p.  101.  [W\] 

Blanchard,  Raphael.    [Prof,  in  Paris.] 

1885.— Traite  de  zoologie  inedicale.  v.  1  (1),  nov.  4,  192  pp.,  124  figs.  12°. 
Paris.  [W".] 

[Pp.  69-72,  figs.  39-41,  Trypanosoma  sanguinis  Gruby,  1843,  and  brief 
reference  to  other  species.] 

1887.  — Bibliographie  des  hematozoaires  <Bull.  Soc.  zool.  de  France,  Par.,  v.  12 

(2-4),  1  aoilt,  pp.  500-507.  [W.] 

1888.  — Hematozoaires  <Dict.  encycl.  d.  sc.  mecl.,  Par.,  4.  s.,  v.  13,  pp.  43-73, 

figs.  1-4.  [Wm.] 

Blandford,  W.  F.  H.  See  Kanthack,  A.  A.,  Durham,  H.  E.,  &  Blandford,  W.  F.  H. 
Borner,  Carl. 

1901. — Untersuchungen  fiber  Hiimosporidien.  1.  Ein  Beitrag  zur  Kenntnis 
des  Genus  Hxmogregarina  Danilewsky  <Ztschr.  f.  wissensch.  Zool., 
Leipz.,  v.  69  (3),  19.  Miirz,  pp.  398-116,  pi.  28.  [W*.] 

Bradford,  J.  Rose.    See  Plimmer,  H.  G.,  &  Bradford,  J.  Rose. 

Braid,  James. 

1858. — Arsenic  as  a  remedy  for  the  bite  of  the  tsetse,  etc.  <Brit.  M.  J.,  Lond., 
n.  s.  (63),  Mar.  13,  pp.  214-215.  [Wm.] 

Braun,  Max. 

1895. — Die  thierischen  Parasiten  des  Menschen.  Ein  Handbuch  fiir  Studirende 
und  Aerzte.    2.  ed.,  283  pp.,  147  figs.    8°.    Wiirzburg.  [W.] 

Brit.  M.  J.,  Lond. 

1902a. — Trypanosoma  in  man.  [Notice  of  telegram  from  Dutton,  forwarded  to 
journal  by  Maj.  Ronald  Ross]  <Brit.  M.  J.,  Lond.  (2140),  Jan.  4,  p. 
42.    [W,  W-.] 

1902b. — Trypanosoma  in  man.  [Further  remarks  on  Dutton's  investigations,  sent 
to  journal  by  Ross]  <Brit.  M.  J.,  Lond.  (2141),  Jan.  11,  p.  100. 
[W»,  Wm.] 

1902c. — Trypanosoma  in  man.  [Short  review  of  Nepveu,  1898]  <Brit.  M.  J., 
Lond.  (2142),  Jan.  18,  p.  164.    [W,  W'».] 

Bruce,  David. 

1895. — Preliminary  report  on  the  tsetse  fly  disease  or  nagana,  in  Zululand.  28 

pp.,  7  pis.    fol.    Durban.    [W,  Wm.] 
1896a. — Idem.    [Reviewed]  <Centralbl.  f.  Bakteriol.,  Parasitenk.  [etc.],  Jena,  1. 

Abt,  v.  19  (  24),  30.  Juni,  pp.  955-957.    [W»  Wm.] 
1896b. — Idem.    [Reviewed  by  Muller]  <Arch.  f.  wissensch.  u.  prakt.  Thierh., 

Berl.,  v.  22  (4-5),  pp.  366-370.    [W,  Wm.] 
( 1897 ) . — Further  report  on  the  tsetse  fly  disease  or  nagana  in  Zululand.    69  pp. , 

6  pis.    4°.  London. 

Brumpt,  E. 

1901. — [Notes  et  observations  sur  les  maladies  parasitaires.]  [Abstracted  from 
Arch,  de  Parasitol.,  Par.,  1901,  v.  4,  pp.  563-580]  <Bull.  Acad,  de 
med.,  Par.,  3.  s.,  v.  46  (35),  4  nov.,  pp.  400-402.  [W.] 
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BtfTSCHLI,  0. 

1884. — Protozoa.    Mit  einen  Beitrag:  Palseontologische  Entwicklung  der  Rhizo- 
poda  von  C.  Sch wager.    2.  Abt. :  Mastigophora  <Bronn's  Klassen  und 
Ordnungen  dea  Thier-Reichs,  v.  1,  pp.  785-864,  1  fig.  [W*.] 
[Pp.  811-812,  genus  Trypanosoma.'] 

Buffard,  M.,  &  Schneider,  G. 

1900a. — Sur  des  notes  de  MM.  Buffard  et  Schneider,  concernant  l'6tude  experi- 
rnentale  de  la  dourine  du  cheval,  au  nom  d'une  Commission  composed 
de  MM.  Weber  et  Nocard  <  Bull.  Acad,  de  med.,  Par.,  3.  s.,  v.  44  (31), 
pp.  154-163.  [Wm.] 

1900b.— La  dourine  et  son  parasite.  [Abstract  of  Buffard  &  Schneider,  1900a] 
<Semaine  m6d.,  Par.,  v.  20  (  34),  15  aug.,  p.  279.  [Wm.] 

1900c. — Rapport  sur  les  notes  de  MM.  Buffard  et  Schneider,  concernant  l'6tude 
experimentale  de  la  dourine  du  cheval,  au  nom  d'une  Commission 
composee  de  MM.  Weber  et  Nocard,  rapporteurs.  [Same  as  Buffard  & 
Schneider,  1900a]  <Rev.  vet,  Toulouse,  v.  25  (9),  1  sept.,  pp.  589-598. 
[W'.] 

1900d.— Idem.  [Review  of  Buffard  &  Schneider,  1900b,  by  Victor  E.  Mertens] 
<Centralbl.  f.  Bakteriol.,  Parasitenk.  [etc.],  Jena,  1.  Abt.,  v.  28  (  25), 
31.  Dec,  p.  882.  [W*.] 

(1901). — Prophylaxie  de  la  dourine.    15  pp.    8°.  Lyon. 

1902. — Parasitisme  latent  et  immunisation  dans  la  dourine  <J.  de  m6d.  v6t.  et 
zootech.,  Lyon,  v.  53,  5.  s.,  v.  6,  31  mars,  pp.  144-146.  [W\] 

Burke,  Richard  W. 

1887a. —  "Surra"  or  progressive  pernicious  aSaemia  <Vet.  J.,  Lond.,  v.  25,  July, 
pp.  5-11.  [W1.] 

[Brief  general  discussion,  containing  much  the  same  as  his  other 
articles,  with  the  same  general  confusion  of  diseases.] 
1887b.— Idem  <J.  Comp.  M.  &  8.,  N.  Y.  &  Phila.,  v.  8  (3),  July,  pp.  223-230. 
[W.] 

1888a. — Surra,  or  pernicious  anaemia  in  the  lower  animals  <  Vet.  J.,  Lond.,  v.  26, 
Jan.,  pp.  1-12;  Feb.,  pp.  83-86.  [W\] 

[General  discussion;  pernicious  anemia;  surra,  beri-beri,  kakke,  or 
Burma  disease,  South  Wales  epizooty,  all  considered  synonyms.] 
1888b. — The  discussion  of  the  pathology  of  "surra"  <Vet.J.,  Lond.,v.26,  Apr., 
pp.  309-311.  [W».] 
[Reply  to  Steel,  1888a.] 
1888c. — Harmless  organisms  found  in  the  blood  of  horses  <Veterinarian,  Lond., 
v.  61  (732),  Dec,  pp.  785-787.  [Wa.] 

[Does  not  contain  anything  of  importance.] 
1889. — Micro-organisms  and  disease,  especially  with  reference  to  the  question, 
What  is  the  pathology  of  "surra"  in  animals?  <  Vet.  J.  &  Ann.  Comp. 
Path.,  Lond.,  v.  28,  Jan.,  pp.  25-27.  [W'.] 
1891. — The  general  pathology  of  "surra"  in  animals  <Vet.  J.,  Lond.,  v.  33, 
Oct..,  pp.  264-272.  [W*.] 

[A  general  review,  with  comparisons  and  summary  of  symptoms, 
pathology,  and  treatment.] 
1897.— Malarial  fever  in  horses  in  India,  or  "surra"  < Veterinarian,  Lond., 
v.  70  (832),  Apr.,  pp.  185-194.  [W.] 

[In  many  respects  surra  in  horses  and  malaria  in  man  are  practi- 
cally identical;  the  parasites  are  identical;  considers  Texas  fever  a  form 
of  surra;  article  is  quite  similar  to  Burke,  1888a.] 
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Butler,  R.  C. 

1888.  — Surra  in  upper  Burma  <Quart.  J.  Vet.  Sc.  India,  Madras,  v.  6  (24),  pt. 

1,  July,  pp.  379-385.  [Wm.] 

Capitan. 

1891.— Sur  tin  hematozoaire  du  lapin  domestique  <Med.  mod.,  Par.,  v.  2  (13), 
26  mars,  pp.  239-240.  [Wm.] 
[Remarks  on  article  by  Jolyet  &  de  Nabias,  1891.] 

Carougeau. 

1901a. — Note  relative  a  1' existence  du  Trypanosome  en  Indo-Chine  <Bull.  Soc. 
centr.  de  med.  vet.,  Par.,  8.  s.,  v.  8  (12),  30  juin,  pp.  295-296.  [W, 
Wm.] 

1901b. — Nota  relativa  all'  esistenza  del  "tripanosoma"  nell'  Indo-China  <Gior. 
r.  Soc.  ed  Accad.  vet.  ital.,  Torino,  v.  50  (31),  3  agosto,  pp.  748-749. 
[W*.] 

[Found  Trypanosoma  in  horses  at  Pasteur  Institute,  Nha-Trang;  inocu- 
lation experiments  with  horse,  dog,  rabbit,  scimmia,  rat,  guinea  pig.] 
Carter,  H.  Vandyke. 

1888a. — Note  on  the  occurrence  of  a  minute  blood  spirillum  in  an  Indian  rat 
<Scient.  mem.  med.  off.  India,  Calcutta  (1887),  pt.  3,  pp.  45-48,  pi.  4. 
[Wra.] 

1888b.— On  the  lately  demonstrated  blood-contamination  and  infective  disease 

of  the  rat  and  of  equines  in  India  <Scient.  mem.  med.  off.  India, 

Calcutta  (1887),  pt.  3,  pp.  49-78,  pi.  5.  [W.] 
1888c. — Note  on  some  aspects  and  relations  of  the  blood  organisms  in  ague 

<Scient.  mem.  med.  off.  India,  Calcutta  (1887),  pt.  3,  pp.  139-167. 

[Wm.]  • 

1889.  — On  the  lately  demonstrated  blood-contamination  and  infective  diseases  of 

the  rat  and  of  equines  in  India  <Vet.  J.,  Lond.,  v.  28,  Mar.,  pp.  180- 
184;  May,  pp.  339-346;  June,  pp.  409-422.    [W«,  Wm.] 

[Identifies  parasite  of  surra  with  that  of  rat;  Mus  decunianus  and  M. 
rattus  (?)  found  infected;  M.  bandicottus  and  Sorex  sp.  not  infected;  in 
pregnant  females,  fetus  not  infected;  increase  of  leucocytes;  experiments 
with  rat,  dog,  cat,  monkey,  horse,  rabbit;  general  discussion.] 

Certes,  A. 

1882a. — Note  sur  les  parasites  et  les  commensaux  de  l'huitre  <Bull.  Soc.  zool.  de 

France,  Par.,  v.  7,  seance  13  juin,  pp.  347-353,  pi.  7.  [W.] 
1882b. — Sur  les  parasites  intestinaux  de  l'huitre  <Compt.  rend.  Acad.  d.  sc.,  Par., 

v.  95  (10),  4  sept,  pp.  463-465.  [W».] 
1882c— Idem  <J.  de  microg.,  Par.,  v.  6  (10),  oct.,  pp.  529-530.  [Wm.] 
1891. — Sur  le  Trypanosoma  Balbiwnii  <Bull.  Soc.  zool.  de  France,  Par.,  v.  16  (3), 
mars,  p.  95;  (5),  mai,  pp.  130-131,  1  fig.  [W.] 
Chalachnikow.    See  Schalaschnikoff,  A. 
Chastrey,  H. 

1898. — La  mouche  tsetsd  <Rev.  scient,  Par.,  4.  s.,  v.  9  (13),  26  mars,  pp.  406- 
407.  [W*.] 
Chaussat,  J.  B. 

1850. — Recherches  microscopiques  appliquees  a  la  pathologie.    Des  hemato- 
zoaires.    These.    51  pp.,  2  pis.    4°.    Paris.  [Wm.] 
Chauvrat,  J. 

1896. — Un  cas  d'anemie  pernicieuse  du  cheval  en  Algerie,  causee  par  un  Try- 
panosome <Rec.  de  merl.  v6t.,  Par.,  8.  s.,  v.  3  (11),  15  juin,  pp.  344-348. 
[W*,W°.] 

[Report  of  case;  respiration,  21;  temperature,  37.8-39.2;  pulse,  92- 
104;  autopsy  notes;  parasite  60  pi  long;  very  similar  to  " Trypanosomum 
Evanti."} 
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Claude,  A. 

1897. — La  mouche  tsets6  et  le  guaco  <Bull.  Soc.  med.  homceop.  de  France,  Par., 
v.  21  (3),  juillet,  pp.  165-177.  [Wm.] 
Cobbold,  Thomas  Spenceb. 

1879.— Parasites:  A  treatise  on  the  Entozoa  of  man  and  animals,  including  some 
account  of  the  Ectozoa.    xi+508  pp.,  85  figs.    8°.    London.  [Wa.] 
[Pp.  273,  307,  351,  388,  very  brief  mention  of  Olossina  nu>rsiians.~\ 
Crookshank,  Edgar  M. 

1886.  — On  flagellated  Protozoa  in  the  blood  of  diseased  and  apparently  healthy 

animals  <J.  Roy.  Micr.  Soc,  Lond.,  2.  s.,  v.  6  (6),  Dec,  pp.  913-928, 
figs.  193-198,  pi.  17.  [W1".] 
[Trichomonas  LeiiAsi,  p.  928.] 

1887.  — Photomicrographs  of  flagellated  Protozoa  in  the  blood  <J.  Roy.  Micr. 

Soc,  Lond.,  2.  s.,  v.  7  (2),  Apr.,  p.  358.  [Wm.] 
1896. — A  text-book  of  bacteriology,  including  the  etiology  and  prevention  of 
infective  diseases,  and  a  short  account  of  yeasts  and  molds,  haematozoa, 
and  psorosperms.    4.  ed.,  xxx+715  pp.,  273  figs.,  22  pis.    8°.  London. 
[Wm.] 

Cunningham,  D.  Douglas. 

1888.  — 1.  On  the  occurrence  of  peculiar  organisms  in  the  blood  of  horses  and 

their  supposed  pathogenic  nature.  (In  Ms  Notes  from  the  biological 
laboratory  attached  to  the  office  of  the  sanitary  commissioner  with 
the  government  of  India)  <Scient.  mem.  med.  off.  India,  Calcutta 
(1887),  pt.  3,  pp.  1-4,  pi.  1,  fig.  1.    [W- ] 

Curry,  J.  J. 

1902. — Report  on  a  parasitic  disease  in  horses,  mules,  and  caribao  in  the  Philip- 
pine Islands.    [From  a  report  made  to  the  Surgeon-General  of  the  Army, 
Dec.  17,  1901]  <Am.  Med.,  Phila.,  v.  3  (13),  Mar.  29,  pp.  512-513. 
[W\] 
Danilewsky,  B. 

1885. — Zur  Parasitologic des Blutes  <Biol.  Centralbl.,  Erlang.,  v.  5  (17),  1.  Nov., 

pp.  529-537.  [Wm.] 
1886a. — Materiaux  pour  servir  a  la  parasitologic  du  sang  <Arch.  slaves  de  biol., 

Par.,  v.  1  (1),  15  jan.,  pp.  85-91.  [W-.] 
1886b. — Recherches  sur  la  parasitologic  du  sang.    [Continuation  of  Danilewsky, 

1886a]  <Arch.  slaves  de  biol.,  Par.,  v.  1  (2),  15  mars,  pp.  364-396,  pis. 

5-6.  [Wm.] 

1886c. — Zur  Frage  fiber  die  Identitat  der  pathogenen  Blutparasiten  des  Menschen 
und  der  Haematozoen  der  gesundeu  Tiere  <Centralbl.  f.  d.  med.  Wis- 
sensch.,  Berl,  v.  24  (41),  9.  Oct.,  pp.  737-739;  (42),  16.  Oct.,  pp.  753-755. 
[W-] 

1887a. — Contribution  a  la  question  de  l'identite'  des  parasites  pathogenes  du  sang 
chez  l'homme  avec  les  hematozoaires  chez  les  animaux  sains  <Arch. 
slaves  de  biol.,  Par.,  v.  3  (2),  15  mars,  pp.  257-264.  [Wm.] 

1887b. — Recherches  sur  la  parasitologic  du  sang.  [Continuation  of  Danilewsky 
1886b]  <Arch.  slaves  de  biol.,  Par.,  v.  3  (1),  15  jan.,  pp.  33-49;  (2),  15 
mars,  pp.  157-176,  pis.  1-2;  (3),  15  mai,  pp.  370-417.  [W-.] 

1889a. — La  parasitologic  comparee  du  sang.  I.  Nouvelles  recherches  sur  les 
parasites  du  sang  des  oiseaux.    93  pp.,  3  pis.    8°.    Karkoff.  [W*.] 

[Pp.  52-79,  discussion  of  several  forms,  with  great  confusion  of  the 
technical  names.] 

1889b. — La  parasitologic  comparee  du  sang.  II.  Recherches  sur  les  hemato- 
zoaires des  tortues.   86  pp.,  2  pis.    8°,    Karkoff.  [W\] 
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Davainb,  Casimir  Joseph. 

1877. — Traits  des  Entozoaires  et  des  maladies  vermineuses  de  l'homme  et  des 
animaux  domestiques.  2.  3d.,  cxxxii+1003  pp.,  110  figs.  8°.  Paris. 
[W»] 

Delages,  Yoes,  &  Herouard,  Edgard. 

1896. — Traits  de  zoologie  concrete,    v.  1,  La  cellule  et  lea  Protozoaires.  xxx-|- 
584  pp.,  870  figs.    8°.    Paris.  [W\] 
de  Does,  J.  K.  F. 

1901a. — Bijdrage  tot  de  kennis  der  Trypanosomen-ziekten,  in  het  bijzonder  die, 

welke  op  Java  voorkomen  <Veearts.  Bladen  v.  Nederl.-Indie,  Batavia, 
.    v.  13  (3-4),  pp.  313-347.  [W.] 
(1901b). — Bijdrage  tot  de  kennis  der  Trypanosomen-ziekten,  in  het  bijzonder 

die,  welke  op  Java  voorkomen  <Geneesk.  Tijdschr.  v.  Nederl.-Indie, 

v.  41  (1),  pp.  138-175. 
1901c. — Boosaardige  dekziekte  in  het  soemedangsche.    Ill6  rapport  <Veearts. 

Bladen  v.  nederl. -Indie,  Batavia,  v.  14,  pp.  20-45,  figs.  [Wn.] 

DoFLEIN,  F; 

1901. — Die  Protozoen  als  Parasiten  und  Krankheitserreger  nach  biologischen 
Geschichtspunkten  dargestellt.  xiii  +  274  pp.,  220  figs.  8°.  Jena. 
[W\] 

[An  excellent  work  on  parasitic  Protozoa.    Actual  date  of  publica- 
tion, July  1,  1901.] 
Durham,  H.  E.    (See  also  Kanthack,  Durham,  &  Blandford. ) 

1898.  — Tsetse  disease  <Veterinarian,  Lond.,  v.  71  (850),  Oct.,  pp.  535-538.  [W.] 

[Summary  of  a  paper  read  before  the  Fourth  International  Zoological 
Congress,  Cambridge  (Eng.),  1898.] 

Eberth. 

(1861). — Ueber  ein  neues  Infusorium  im  Darm  verschiedener  Vogel  <Ztschr.  f. 
wissensch.  Zool.,  Leipz.,  v.  11  (1),  p.  98. 
Elmassian,  M. 

1901a.—  Mai  de  Caderas  <Berl.  thierarztl.  Wchnschr.  (40),  3.  Okt.,  p.  604,  1 
fig.  [W.] 

1901b.— Idem.    [Reviewed  by  Railliet]  <Rec.  de  med.  vet.,  Par.,  8.  s.,  v.  8  (23) , 
15  dec,  pp.  786-788.  [W.] 
Evans,  George  H. 

1899.  — Some  notes  on  surra  in  Burmah.    Outbreak  amongst  military  police 

ponies  at  Mandalay,  July,  1896.  (In  Lingard,  1899,  v.  2,  pt.  1,  pp.  37-41. ) 
[W».] 

Evans,  Griffith. 

(1880).— Report  on  "surra"  disease  in  the  Dera  Ismail  Khan  district,  November 
13,  1880,  Military  Department,  No.  493-4467. 

1881.  — On  a  horse  disease  in  India  known  as  "surra,"  probably  due  to  a  Hsema- 

tozoon  <Vet.  J.,  Lond.,  v.  13,  July,  pp.  1-10;  [Aug.,  pp.  83-88];  Sept., 
pp.  180-200;  Nov.,  pp.  326-333.  [VV».] 

[Excellent  article;  geographical  distribution;  definition;  symptoms; 
postmortem  appearances;  mortality;  contagion  and  infection;  believes 
flies  may  carry  the  disease;  different  animals  affected — horse,  mule, 
camel;  remote  causes;  prevention;  cure;  no  confidence  in  carbolic  acid; 
the  parasite;  history  of  individual  cases,  with  accounts  of  treatment  and 
tables  of  pulse,  temperature,  and  urine.] 

1882.  — Idem.    [Continued]  <Vet.  J.,  Lond.,  v.  14,  Feb.,  pp.  97-110;  Mar.,  pp. 

iei-187.  [W»] 

[Cases;  sanitary  condition  of  the  horse  lines;  outbreaks.] 
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Friedberger,  Franz,  &  FrShner,  Eugen. 

1889. — Lehrbuch  der  speciellen  Pathologie  und  Therapie  der  Hausthiere.  Fur 
Thieriirzte,  Arzte  und  Studirende.  2.  ed.,  v.  2,  viii ■+  793  pp.  8°. 
Stuttgart.  [W».] 

[P.  737,  Cadeiras-Krankheit-mal  de  caderas.] 

Frohner,  Eugen.    See  Friedberger,  Franz,  &  Frohner,  Eugen. 

Gacle,  J. 

1880.  — Beobachtungen der farblosen  ElementedeFroschblutes<Arch.  f.  Physiol., 

Leipz.  (4-5),  1.  Oct.,  pp.  375-392,  pi.  5.  [Wm.] 

Glcge,  G. 

1842.  — Ueber  ein  eigenthumliches  Entozoon  im  Blute  des  Frosches  <Arch.  f. 

Anat.,  Physiol,  u.  wissensch.  Med.,  Berl.,  p.  148.  [Wm.] 

Grassi,  B. 

1881.  — Intorno  ad  alcuni  protisti  endoparassitici  ed  appartenenti  alle  classi  dei 

flagellati  lobosi,  sporozoi  e  ciliati  <Atti  Soc.  ital.  d.  sc.  nat.,  Milano,  v.  24, 
pp.  135-224,  pis.  1-4.  [W».] 
1883. — Sur  quelques  protistes  endo-parasites  appartenant  aux  classes  des  flagel- 
lata,  lobosa,  sporozoa  et  ciliata.  [Transl.  of  Grassi,  1881]  <Arch.  ital. 
de  biol.,  Turin  (1882),  v.  2  (3),  1  fev.,  pp.  402-444;  v.  3  (1),  15  avril, 
pp.  23-37,  pis.  1-3.  [Wm.] 

Observations  et  inductions  microscopiques  sur  quelques  parasites  <Bull. 
Soc.  imp.  d.  nat.  de  Moscou,  v.  18,  pt.  1  (1),  pp.  380-428,  pis.  9-11. 
[W.] 

Gruby,  David. 

1843.  — Recherches  et  observations  sur  une  nouvelle  espece  d' Hematozoaires, 

Trypanosoma  sanguinis  <Compt.  rend.  Acad.  d.  sc.,  Par.,  v.  17,  2.  semes- 
tre  (20),  pp.  1134-1136.  [W.] 
1844a. — Idem  <Ann.  d.  sc.  nat.,  Zool.,  Par.,  3.  s.,  v.  1,  pp.  104-107,  pi.  IB, 
figs.  1-7.  [W».] 

1844b. — On  a  new  species  of  Haematozoon,  Trypanosoma  sanguinis.  [Transl.  of 
Gruby,  1843]  <Ann.  Mag.  Nat.  Hist.,  Lond.,  v.  13  (82),  Feb.,  pp.  158- 
159.  "[W*.] 

Gunn,  W.  D. 

1891. — The  etiology  of  surra.  [Criticism  of  Ranking,  1891a]  <Vet.  J.,  Lond.,  v. 
33,  Oct.,  pp.  309-310.  [W*.] 

Hassall,  Albert. 

1902. — Bibliography  of  surra  and  allied  trypanosomatic  diseases  <Bull.  No.  42, 
Bureau  Animal  Indust.,  U.  S.  Dept.  Agric,  Wash.,  pp.  131-148.  [Wa.] 

Hayes,  M.  H. 

1898. — Surra.  {In  Friedberger  and  Frohner's  Veterinary  Pathology.  Infective 
Diseases  of  Animals.  Translated  and  edited  by  M.  H.  Hayes,  with  notes 
on  Bacteriology  by  G.  Neumann.    8°.    London.)  [W*.] 

[Pp.  477-487,  chapter  on  surra,  written  by  Hayes  and  based  largely 
on  Lingard.] 

Herouard,  Edgard.    See  Delages,  Yoes,  &  Herouard,  Edgard. 


Gros. 

1845.— 


JOLYET,  F.,  &  DE  NABIAS,  B. 

1891. — Sur  un  h^matozoaire  du  lapin  domestique  <J.  de  med.  de  Bordeaux, 
v.  20  (31),  1  mars,  pp.  325-326.  [Wm.] 


138 


BUREAU  OF  ANIMAL  INDUSTRY. 


Kanthack:,  A.  A.,  Durham,  H.  E.,  &  Blandford,  W.  F.  H. 

1898a. — On  nagana  or  tsetse  fly  disease.    (Report  made  to  the  tsetse  fly  commit- 
tee of  the  Royal  society  of  observations  and  experiments  carried  out  from 
November,  1896,  to  August,  1898)  <Proc.  Roy.  Soc.  Lond.  (Nov.,  1898- 
Mar.,  1899),  v.  64  (404),  Nov.  19,  pp.  100-118.  [W.] 
1898b. — Nagana  or  tsetse  fly  disease.    [Review  of  Kanthack,  Durham,  &  Bland- 
ford,  1898a]  <Brit.  M.  J., Lond.  (1980),  Dec.  10,  pp.  1768-1769.  [W.] 
1898c. — Ueber  Nagana  oder  die  Tse-tse  Fliegenkrankheit.    [Transl.  of  Kanthack, 
Durham,  &  Blandford,  1898a,  by  G.  H.  F.  Nuttall]  <Hyg.  Rundschau, 
Berl.,  v.  8  (24),  15.  Dec,  pp.  1185-1202,  1  fig.    [W»,  W'".] 
1898d.— Idem  [abstracted]  <J.  Comp.  Path.  &  Therap.,  Edinb.  &  Lond.,  v.  11 

(4),  Dec.  31,  pp.  370-380.  [Wm.] 
1899a. — Tsetse  disease  in  mammals  <Proc.  Fourth  Internal  Cong.  Zool.,  Cam- 
bridge (22-27  Aug.,  1898),  Lond.,  pp.  166-168.    [Lib.  Stiles.] 
[Practically  the  same  as  Durham,  1898,  pp.  535-538.] 
1899b. — On  nagana  or  tsetse  fly  disease  <Veterinarian,  Lond.,  v.  72  (853),  Jan., 
pp.  1-11;  (854),  Feb.,  pp.  68-79.  [W«] 

[Same  as  Kanthack,  Durham,  &  Blandford,  1898a.] 
Kbmpner,  Walter.    See  Rabinowitsch,  Lydia,  &  Kempner,  Walter. 
Kent,  W.  Saville. 

1880.  — A  manual  of  the  Infusoria,  including  a  description  of  all  known  flagellate, 

ciliate,  and  tentaculiferous  Protozoa,  British  and  foreign,  and  an  account 
of  the  organization  and  affinities  of  the  sponges.    Pts.  1-3,  pp.  1^132, 
pis.  1-24.    8°.    London.  [Wm.] 
[Trypanosoma,  pp.  218-220.] 

Kinyocn,  J.  J.    See  Smith,  Allen  M.,  &  Kinyoun,  J.  J. 

Koch,  Robert. 

1881.  — Zur  Untersuchung  von  pathogenen  Organismen  <Mitth.  a.  d.  k.  Gsnd- 

htsamte,  Berl.,  v.  1,  pp.  1-42,  pis.  1-14.  [W\] 
1898a. — "  Reise-Berichte  uber  Rinderpest,  Bubonenpest  in  Indien  und  Afrika, 

Tsetse-  oder  Surrakrankheit,  Texas-Fieber,  tropische  Malaria,  Schwarz- 

wasserfleber."    136  pp.,  10  figs.   8°.   Berlin.  [Wm.] 
1898b. — Report  on  the  surra  disease  <Brit.  M.  J.,  Lond.,  v.  1  (1945),  Apr.  9, 

p.  983.  [W»] 

[Brief  reference  to  Koch's  report  from  Dar-es-Salam;  mules  and  ordi- 
nary donkeys  subject  to  surra,  but  masai  donkeys  are  apparently 
immune.] 

Kruse,  W. 

1896. — Systematik  der  Protozoen.  (In  Flugge's  Die  Mikroorganismen.  Mit 
besonderer  Beriicksichtigung  der  Atiologie  der  Infektionskrankheiten. 
3.  ed.,  pt.  2,  pp.  601-700,  figs.  128-153.)  [W»] 

[Trichomonas  columbarurn,  T.  intestinalis,  T.  vaginalis,  pp.  629-632.] 

KOnstler,  G. 

1883. — Recherches  sur  les  Infusoires  parasites.  Sur  quinze  Protozoaires  nouveaux 
<Compt.  rend.  Acad.  d.  sc.,  Par.,  v.  97,  2.  semestre  (14),  1  oct.,  pp. 
755-757.    [W*,  Wm.] 
Labbe,  Alphonse. 

1891. — Note  sur  un  nouveau  parasite  du  sang  (Trypanomona*  Danilevskyi)  <Bull. 
Soc.  zool.  de  France,  Par.,  v.  16,  oct.,  pp.  229-231.  [W».] 
Laboulbene,  A. 

1888.— Sur  une  mouche  tse'-tse'  de  l'Afrique  australe  <Bull.  Acad,  de  meVL,  Par., 
An.  52,  2.  s.,  v.  19  (22),  4  juin,  pp.  721-724.  [Wm.] 
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DE  Lacerda,  J.  B. 

1885. — Pathogenesia  comparada.  Peste  de  Cadeiras  ou  epizootia  de  Marajo  suas 
analogias  com  o  Beriberi,  viii-f-98  pp.  3  pis.,  2  phot.  8°.  Rio  de 
Janeiro.  [W".] 

de  Lanessan,  J.  L.  , 
1882a. — Manuel  d'histoire  naturelle  m^dicale.   Pt.  3,  Zoologie,  728  pp.,  523  figs. 
12°.    Paris.  [W»] 
[P.  71,  fig.  60,  brief  mention  of  Undulina  ranarum.} 
1882b.— Traits  de  zoologie,  Protozoaires.    vii-f336  pp.,  281  figs.    8°.  Paris. 
[W\] 

[Pp.  166-167,  fig.  142,  brief  reference  to  "Trypanosoma  sanguinis 
Gruby"  and  Trypanosoma  EberthL] 

Lankestek,  E.  Ray. 

1871. — On  Undulina,  the  type  of  a  new  group  of  Infusoria  <Quart.  J.  Micr.  Sc., 
Lond.,  n.  s.,  v.  11  (44),  Oct.,  pp.  387-389,  figs.  1-4.  [Wm.] 

[Living  parasites  found  in  frog's  blood  described  as  Undulina  ranarum.  ] 
1882. — On  Drepanidium  ranarum,  the  cell-parasite  of  the  frog's  blood  and  spleen 
(Gaule's  Wiirmschen)  <Quart.  J.  Micr.  Sc.,  Lond.,  n.  s.,  v.  22  (85), 
Jan.,  pp.  53-65,  figs.  1-5.  [W-1.] 

Laveran,  Alphonse.    (See  also  Laveran,  Alphonse,  &  Mesnil,  F. ) 

1892.  — Des  Trypanosomes  parasites  du  sang  <Arch.  de  m£d.  exper.  et  d'anat. 

path.,  Par.,  1.  s.,  v.  1  (2),  1  mars,  pp.  257-269,  pi.  1.    [W»,  W"».] 

1893.  — Paludism.    xii  4- 197  pp.,  7  figs.,  6  pis.    8°.    London.  [W.] 

1895. — Les  Hematozoaires  de  l'homme  et  des  animaux.  Pt.  1,  Protozoaires  du 
sang,  iv  +  154  pp. ,  9  figs.    Paris.    [Lib.  Stiles.] 

[Account  of  Trypanosoma  in  various  animals,  pp.  129-149.] 

Laveran,  Alphonse,  &  Mesnil,  F. 

1900a. — De  la  longue  conservation  a  la  glaciere  des  Trypanosomes  du  rat  et 
de  l'agglomeration  de  ces  parasites  <Compt.  rend.  Soc.  de  biol.,  Par., 
v.  52  (29),  12  oct.,  pp.  816-819.  [W\] 
[Describes  agglutination.] 
1900b. — Sur  l'agglutination  des  Trypanosomes  du  rat  par  divers  serums  <Compt. 
rend.  Soc.  de  biol.,  Par.,  v.  52  (34),  16  nov.,  pp.  939-942.  [W\] 

[Experimented  with  serum  of  dog,  rabbit,  sheep,  horse,  chicken, 
pigeon,  rat.] 

1901a. — Sur  le  mode  de  multiplication  du  Trypanosome  du  nagana  <Compt. 
rend.  Soc.  de  biol.,  Par.,  v.  53  (12),  29  mars,  pp.  326-329.  [VV»] 
[Description  and  figures  of  division.] 
1901b. — Sur  la  nature  centrosomique  du  corpuscule  chromatique  post^rieur  des 
Trypanosomes  <Compt.  rend.  Soc.  de  biol.,  Par.,  v.  53  (12),  29  mars, 
pp.  329-331.  [YV»] 

[Homologous  with  the  attractive  spheres  of  Nocliluca  and  centrosomes 
of  spermatoids.] 

1901c. — Sur  la  structure  du  Trypanosome  des  grenouilles  et  sur  l'extension  du 

genre  Trypanosoma  Gruby  <Compt.  rend.  Soc.  de  biol.,  Par.,  v.  53  (23), 

28  juin,  pp.  678-680,  figs.  1-3.  [\V>.] 
[Genus  Herpetomonas  is  discarded.] 
1901d. — Sur  la  morphologie  et  la  systematique  des  Flagelles  a  membrane  ondu- 

lante  (genres  Trypanosoma  Gruby  et  Trichomonas  Donn6)  <Compt. 

rend.  Acad.  d.  sc.,  Par.,  v.  133  (3),  15  juillet,  pp.  131-137,  figs.  1-5. 

[W».] 

[General  discussion;  important.] 
19505— No.  42—02  11 
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Laveran,  Alphonse,  &  Mesnil,  F. — Continued. 

1901e. — Recherches  morphologiques  et  experimentales  sur  le  Trypanosome  des 
rats  (Tr.  Lnvisi  Kent)  <Ann.  de  l'Inst.  Pasteur,  Par.,  v.  15  (9),  25  sept., 
pp.  673-714,  pis.  11-12.  [W\] 
[Very  important  paper.] 
t901f.  — Sur  la  nature  bacterienne  du  pretendu  Trypanosome  des  huitres  ( Tryp. 

Balbumii  Certes)  <Compt,  rend.  Soc.  de  biol.,.  Par.,  v.  53  (31), 
25  oct,  pp.  883-S85.  [W».] 

[Trypanosoma  Balbianii  does  not  belong  to  the  genus  Trypanosoma.} 
I901g. — Sur  les  Flagelles  il  membrane  ondulante  des  poissons  (genres  Trypano- 
soma Gruby  et  Trypanoplasma  n.  gen. )  <Compt.  rend.  Acad.  d.  sc., 
Par.,  v.  133  (18),  28  oct.,  pp.  670-675.  [W\] 
[Three  new  species.! 
1902a. — Recherches  morphologiques  et  experimentales  sur  le  Trypanosome  du 
nagana  ou  maladie  de  la  mouche  tsetse  <Ann.  de  l'Inst,  Pasteur,  Par., 
v.  16  (1),  25  jan.,  pp.  1-55,  figs.  [W\] 
1902b. — Study  of  the  Trypanosoma  of  tsetse  fly  disease.    [Abstract  of  Laveran  & 
Mesnil,  1902a]  <J.  Am.  M.  Ass.,  Chicago,  v.  38  (11),  Mar.  15,  p.  738. 
[W».] 

1902c. — Morphological  and  exparimsntal  researches  on  Trypanosoma  of  rats 
(T.  Lewis'*).  [Review  of  Laveran  &  Mesnil,  1901e]  <Exp.  Sta.  Rec, 
U.  S.  Dept.  Agric,  Wash.,  D.  C,  v.  13  (6),  p.  532.  [W>.] 

Lecler,  M. 

1899. — El  mal  de  caderas  (contribution  al  estudio  de  esta  enfermedad).    15  pp. 
4°.    Buenos  Aires.  [W\] 
Leclercq,  Emma. 

1890. — Les  microorganismes  intermediaires  aux  deux  regnes  -<Bull.  Soc.  beige 
de  Micr.,  Brux.,  v.  16  (8),  pp.  70-131,  figs.  1-7.  [Wm.] 

Lees,  Kay. 

1888. — Glossina  morsilans  or  tsetse  fly  <Vet.  J.  &  Ann.  Comp.  Path.,  Lond.,  v. 
27,  Aug.,  pp.  79-84.  [Wm.] 

[Claims  to  have  found  the  tsetse  fly. in  India,  Naga  Hills;  heavy  losses 
in  transport  service;  quotes  Dr.  Livingstone's  observations  on  the  tsetse 

fly-] 

Lewis,  Timothy  Richards. 

1878.  — The  microscopic  organisms  found  in  the  blood  of  man  and  animals,  and 

their  relation  to  disease  <14th  Ann.  Rep.  San.  Com.  India,  Calcutta 
(1877),  Appendix  B,  pp.  157-208,  figs.  1-27,  pis.  1-3.  [Wm.] 

1879.  — Flagellated  organisms  in  the  blood  of  healthy  rats  <Quart.  J.  Micr.  Sc., 

Lond.,  n.  s.,  v.  19  (73),  Jan.,  pp.  109-114,  i.  fig.  [Wm.] 
1884. — Further  observations  on  flagellated  organisms  in  the  blood  of  animals. 
<Quart.  J.  Micr.  Sc.,  Lond.,  n.  s.,  v.  24  (  96),  July,  pp.  357-369,  figs. 
1-5.  [W°>.] 

1888. — Flagellated  organisms  in  the  blood  of  animals.  (In  Physiological  and 
pathological  researches;  being  a  reprint  of  the  principal  scientific  writ- 
ings of  the  late  Timothy  Richards  Lewis.  Arranged  and  edited  by 
William  Aitken,  G.  E.  Dobson,  and  A.  E.  Brown.  8°.  London,  pp. 
604-609.)  [W.] 
Lingard,  Alfred. 

1893. — Report  on  horse  surra,  v.  1,  125+cclxxix  pp.,  11  pis.  fol.  Bombay. 
[W.] 

[Exceedingly  important  medical  discussion;  most  extensive  paper  on 
surra  in  print] . 
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Lingakp,  Alfred — Continued. 

1894a. — Summary  of  further  report  on  surra.    8  pp.    fol.    Bombay.  [W1.] 
1894b.— Idem  <Vet.  J.,  Lond.,  v.  39  (232),  Oct.,  pp.  250-258;  (233),  Nov.,  pp. 
311-315.  [W">.] 

1894c. — The  disease  surra  in  solipeds  and  camels.  [Review  of  Lingard,  1893] 
<Vet.  J.,  Lond.,  v.  38,  Mar.,  pp.  172-175.  [W\] 

1895.  — Summary  of  further  report  on  surra.    13  pp.    fol.    Bombay.  [W\] 

1896.  — Annual  report  of  the  imperial  bacteriologist  for  the  official  year  1895-96. 

61  pp.,  1  map.    4°.    Bombay.  [W\] 

1898a. — Annual  report  of  the  imperial  bacteriologist  for  the  official  year  1896-97. 
iii+77  pp.    fol.    [Calcutta.]  [W4.] 

1898b. — Surra  report.  Appendices,  including  records  of  cases,  charts,  and  illus- 
trations,   v.  2,  pt,  2,  230  pp.,  3  pis.    fol.    Bombay.  [W\] 

1899.  — Report  on  surra  in  equines,  bovines,  buffaloes,  and  canines,  together  with 

an  account  of  experiments  conducted  with  the  Trypanosoma  of  rats, 
bandicoots,  and  fish.    v.  2,  pt.  1,  ii-f  160  pp.,  pis.  1-2.    fol.  Bombay. 
[W\] 
[Very  important,  ] 

1900.  — Report  on  surra,  disease  in  horses.    [Review  of  Lingard,  1899]  <Vet.  J., 

Lond.,  n.  s.,  v.  2  (11),  o.  s.,  v.  51  (305),  Nov.,  pp.  340-345.  [W.] 

1901.  — Report  on  surra  in  equines,  bovines,  buffaloes,  and  canines,  etc. .  [Review 

of  Lingard,  1899,  by  Railliet]  <Rec.  de.  med.  v£t,  Par.,  8.  s.,  v.  8,  15. 
juin,  pp.  377-378.  [W*.] 

Livingston,  David. 

1858a. — The  tsetse.  {In  his  Missionary  travels  and  researches  in  South  Africa, 
including  a  sketch  of  sixteen  years'  residence  in  the  interior  of  Africa 
and  a  journey  from  the  Cape  of  Good  Hope  to  Loanda  on  the  west 
coast,  thence  across  the  continent,  down  the  river  Zambesi  to  the  east- 
ern coast.    8°.    New  York.    pp.  93-97, 612-613,  figs.  1-3.)  [W\] 

1858b. — Arsenic  as  a  remedy  for  the  tsetse  bite  <Brit,  M.  J.,  Lond.,  n.  s.  (70), 
May  1,  pp.  360-361.  "  [Wm.] 

LtiHE,  Max. 

1900a. — Ergebnisse  der  neueren  Sporozoenforschung.  Zusammenfassende  Dar- 
stellung,  mit  besonderer  Berucksichtigung  der  Malaria-Parasiten  und 
ihrer  nachsten  Verwandten  <Centralbl.,  f.  Bakteriol.,  Parasitenk.  [etc.], 
Jena,  1.  Abt,  v.  27  (10-11),  23.  Marz,  pp.  367-384,  figs.  1-9;  "(12-13), 
31.  Miirz,  pp.  436-460,  figs.  1-9;  v.  28  (  6-7),  22.  Aug.,  pp.  205-209; 
(8-9),  4.  Sept.,  pp.  258-264,  figs.  1-6;  (10-11),  20.  Sept.,  pp.  316-324, 
figs.  7-10;  (12-13),  6.  Okt  ,  pp.  384-392.  [W.] 
[Trypanosoma,  p.  443.] 

1900b. — Ergebnisse  der  neuern  Sporozoen-Forschung.    Zusammenfassende  Dar- 
stellung  mit  besonderer  Berucksichtigung  der  Malariaparasiten  und 
ihrer  nachsten  Verwandten.    iv  +  100  pp.,  35  figs.    8°.    Jena.  [W*.] 
[Reprint  of  Liihe,  1900a,  with  additions.] 

de  Lustrac,  A. 

189g, — Trypanosoma  Balbianii,  Certes  <Actes  Soc.  Linn,  de  Bordeaux,  v.  50, 
5*.  s.,  v.  10,  pp.  265-275,  pis.  1-2.  [W.] 

McWeeney,  E.  J. 

1899. — Reports  on  recent  bacteriological  and  hygienic  researches.  II.  Koch's 
work  on  the  plague  in  Africa,  tsetse  fly  disease,  and  Texas  fever  <J. 
State  M.,  Lond.,  v.  7  (2),  Feb.,  pp.  115-120.  [W.] 
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Malkmus,  Bernard. 

1901.  — Outlines  of  clinical  diagnostics  of  the  internal  diseases  of  domestic  animals, 

translated  from  the  latest  German  edition  by  D.  S.  White  &  Paul 
Fischer.    205  pp.,  45  figs.    8°.    Chicago.  [Wc.] 

Marotel,  G. 

1902.  — Les  hematozoaires  et  leurs  modes  de  transmission  <J.  de  mecl.  v&t.  et 

zootech.,  Lyon,  5.  s.,  v.  6,  28  fev.,  pp.  97-107.  [W\] 
Marshall,  W. 

1885. — Ueber  die  Tsetsefliege  <Biol.  Centralbl.,  Erlang.,  v.  5  (6),  15.  Mai,  pp. 
183-184.  [W™.] 
[Ma us,  L.  M.] 

1902. — A  new  epidemic  disease  among  horses  in  the  Philippine  Islands  <Phila. 
M.  J.,  v.  9  (4),  Jan.  25,  p.  149.  [W\] 
Maxwell,  Thomas. 

1857.— On  "surrah"  <Indian  Ann.  M.  Sc.,  Calcutta,  v.  4,  Apr.,  pp.  441^47. 
[Wm.] 

Mayer,  A.  F.  I.  Carolus. 

1843. — Specilegium  observationum  anatomicarum  de  organo  electrico  in  Raiis 
anelectricis  et  de  Hsematozois.    17  pp.,  3  pis.    4°.    Bonnse.  [W\] 
Med.  Rec,  N.  Y. 

1902a. — Surra  among  the  army  mules  in  the  Philippines  <Med.  Rec,  N.  Y.,  v. 
61  (6),  Feb.  8,  p.  221*  [W\] 

1902b. — Treatment  and  prevention  of  "surra"  in  horses,  mules  and  other  ani- 
mals.   [Review  of  circular,  Jan.  11,  Military  Governor,  Philippines] 
<Med.  Rec,  N.  Y.,  v.  61  (11),  Mar.  15,  p.  420.  [W».] 
Megnin,  J.  P. 

1875a. — Memoire  sur  la  question  du  transport  et  de  l'inoculation  de  virus  par  les 
mouches  <J.  de  l'anat.  et  physiol.  [etc.],  Par.,  v.  11  (2),  mars-avril, 
pp.  121-133,  pi.  7.  [W™.] 
1875b. — Du  roledes  mouches  dans  la  propagation  du  charbon  et  autres  affections 
virulentes  <J.  denied. vet.mil., Par., v.l2(8),  jan., pp. 461-475.  [Wm.] 
[Tsetse,  pp.  471  ff.] 
Mesnil,  F.    See  Laveran,  Alphonse,  &  Mesnil,  F. 
Mitrophanow,  P. 

1883. — Beitrage  zur  Kenntniss  der  Hamatozoen.  Neue  monadenformige 
Parasiten  des  Fischbluts,  ihnen  iihnliche  Organismen  und  ihre  Bezie- 
hung  zu  den  Blutelmenten  <Biol.  Centralbl.,  Erlang.,  v.  3  (2),  15. 
Marz,  pp.  35-44,  figs.  1-2.    [Wm.]  / 

Mobius,  K. 

1883. — Trypanosoma  Balbianii  Certes  im  Krystallstiel  schleswig-holsteinischer 
Austern  <Zool.  Anz.,  Leipz.,  v.  4  (134),  19.  Miirz,  p.  148.  [Wm.] 
de  Nabias,  B.    See  Jolyet,  F.,  &  de  Nabias,  B. 
Nariman  &  Vaz. 

1893.— The  disease  "surra"  <Vet.  J.,  Lond.,  v.  36,  June,  pp.  403-406.  [Wa.] 
[No practical  treatment  found;  excrements  and  breath  highly  offensive; 
sporadic  cases  in  every  season  throughout  the  year;  communicable  to 
all  species  of  domesticated  animals  (mammals);  temperature  in  febrile 
attack  104°  to  106°  F. ;  symptoms;  diagnosis;  post-mortem  appearances; 
treatment,  inhalations  of  carbolic  acid,  1  oz.,  in  closed  room,  or  hypo- 
dermic injections,  2  grains  corrosive  sublimate  in  a  solution  with  com- 
mon salt.] 
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Nepveu,  G. 

1898.— Sur  un  Trypanosome  dans  le  sang  de  l'homme  <Compt.  rend.  Soc.  de 
biol.,  Par.,  10.  s.,  v.  5  (41),  30  dec,  pp.  1172-1174.  [W»] 

[Gives  an  alleged  occurrence  of  Trypanosoma  in  man;  description 
incomplete.] 

Neumann,  L.  G. 

1888. — Traits  des  maladies  parasitaires  non  microbiennes  des  animaux  domes- 

tiques.    xv  +  673  pp.,  306  figs.    8°.    Paris.  [Wa.] 

[Pp.  33-34,  brief  reference  to  tsetse  fly,  with  quotation  on  the  disease 

taken  from  Railliet;  p.  557,  brief  reference  to  Kiinstler,  1883,  p.  775.] 
1892a— Idem.    2.  ed.    xvi  +  767  pp.,  364  figs.    8°.    Paris.  [W\] 

[Pp.  35-36,  brief  account  of  the  tsetse  fly,  copied  from  Railliet;  p.  631, 

brief  reference  to  Trypanosoma,  in  rabbit  (Jolyet  &  de  Nabias,  1891), 

and  guinea  pig  (Kiinstler,  1883);  p.  626  mentions  Trypanosoma  sanguinis 

avium  of  Danilewsky.] 
1892b. — A  treatise  on  the  parasites  and  the  parasitic  diseases  of  the  domesticated 

animals,  translated  and  edited  by  George  Flemming.    xxiii,  +800  pp., 

364  figs.    8°.    London.  [W°.] 

[Pp.  34-36,  brief  account  of  tsetse  fly,  copied  from  Railliet;  p.  619-622, 

surra;  p.  635,  Trypanosoma  in  rabbit  (Jolyet  &  de  Nabias,  1891),  and  in 

guinea  pig  (Kiinstler,  1883);  p.  649  mentions  Trypanosoma  sanguinis 

avium  of  Danilewsky.] 

Nocard. 

1901a. — Sur  les  rapports  qui  existent  entre  la  dourine  et  le  surra  ou  le  nagana 
<Compt.  rend.  Soc.  debiol.,  Par.,  v.  53  (16),  lOmai,  pp.  464-466.  [W*.] 

1901b. — Idem  [reviewed]  <Rec.  de  med.  v6t.,  Par.,  8.  s.,  v.  8  (11),  15  juin, 
pp.  379-380.  [W.] 

Nockolds,  Coleman. 

1901.  — "Surra"  in  the  Philippines  <Am.  Vet.  Rev.,  N.  Y.,  v.  25  (9),  Dec,  pp. 

743-745.  [W.] 

1902.  — Some  further  remarks  on  "surra"  <Am.  Vet.  Rev.,  N.  Y.,  v.  25  (11), 

Feb.,  pp.  900-903.  [W\] 

Nuttall,  George  H.  F. 

1898.  — Neuere  Untersuchungen  iiber  Malaria,  Texasfieber  und  Tsetsefliegen- 

krankheit.    Zusammenfassender  Bericht  <Hyg.  Rundschau,  Berl.,  v.  8 
(22),  15.  Nov.,  pp.  1084-1102.  [W\] 
[An  excellent  digest  of  recent  literature.] 

1899.  — Die  Rolle  der  Insekten,  Arachniden  (Ixodes)  und  Myriapoden  als  Triigen 

bei  der  Verbreitung  von  durch  Bakterien  und  thierische  Parasiten  ver- 
ursachten  Krankheiten  des  Menschen  und  der  Thiere.  Eine  kritisch- 
historische  Studie  <Hyg.  Rundschau,  Berl.,  v.  9  (5),  1.  Miirz,  pp.  209- 
220;  (6),15.M:irz,  pp.  275-289;  (8),  15.  Apr.,  pp.  393-408;  (10),  15.  Mai, 
pp.  503-520;  (12),  15.Juni,  pp.  606-620.  [Wa.] 

[An  excellent  critical  digest  of  subject  indicated  in  title;  extensive 
bibliography;  this  paper  should  be  read  by  all  interested  in  the  subject.] 

Osborn,  Herbert. 

1896. — Insects  affecting  domestic  animals;  anaccountof  the  species  of  importance 
in  North  America,  with  mention  of  related  forms  occurring  on  other 
animals.    Bull.  No.  5,  n.  s.,  U.  S.  Dept.  Agric,  Div.  Entom.,  302  pp., 
170  figs.    8°.    Washington,  D.  C.  [W\] 
[Pp.  133-134,  brief  mention  of  the  tsetse  fly.] 
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Osler,  William. 

1887. — An  address  on  the  hsematozoaof  malaria  <Brit.  M.  J.,  Lond.,  v.  1  (1367), 
Mar.  12,  pp.  556-562,  figs.  1-15.  [W.] 

[Refers  to  the  work  of  Evans,  Steel,  Lewis,  Crookshank,  Mitrophanow- 
and  Danilewsky  on  surra  and  Trypanosoma.] 

Oswell,  W. 

1852.  — Sur  une  mouche  venimeuse  de  l'Afrique  meridionale  <Compt.  rend. 

Acad.  d.  sc.,  Par.,  v.  35  (16),  2.  semestre,  pp.  560-561.  [W».] 

1853.  —  Giftige  Fliege  in  Sud-Africa.    [Review  of  Oswell,  1852]  <Repert.  d. 

Thierh.,  Stuttg.,  v.  14,  p.  367.  [Wm.] 

Pease,  H.  J. 

1897. — Surra  and  malarial  fever  <Veterinarian,  Lond.,  v.  70  (838),  Oct.,  pp. 
549-565,  figs.  [W\] 

[Caustic  criticism  of  Burke,  1897;  general  discussion  of  surra,  com- 
paring it  with  other  diseases.  ] 
Penning,  C.  A. 

1900a. — Verdere  Waarnemingen  betreffende  Surra  in  Nederl.-Indie  <Veearts. 
Bladen  v.  Nederl.-Indie,  Batavia,  v.  13  (1),  Mai,  pp.  25-52,  pi.  1.  [W*.] 

1900b. — Verdere  Waarnemingen  betreffende  Surra  in  Ned. -Indie.  [Review  of 
Penning,  1900a,  byTjaden]  <Centralbl.  f.  Bakteriol.,  Parasitenk.  [etc.], 
Jena,  l.Abt,  v.  28  (18),  17.  Nov.,  pp.  613-614.  [W\] 

Pfeifper,  L. 

1889. — Beitriige  zur  Kenntniss  der  pathogenen  Gregarinen.  III.  Ueber  Gre- 
garinose,  ansteckendes  Epitheliom  und  Flagellaten-Diphtherie  der  Vogel 
<Ztschr.  f.  Hyg.,  Leipz.,  v.  5  (3),  31.  Jan.,  pp.  363-401,  figs.  1-15,  pi.  3. 
[W«.] 

Plimmer,  H.  G.,  &  Bradford,  J.  Rose. 

1899a. — A  preliminary  note  on  the  morphology  and  distribution  of  the  organism 

found  in  the  tsetse  fly  disease  < Veterinarian,  Lond.,  v.  72  (861),  Sept., 

pp.  648-657.  [W\] 

[Reprinted  from  Nature.    Description  of  adult  Trypanosoma  Brucii; 

distribution  of  parasite  in  body;  infectivity,  life  history.] 
1899b. — Vorlaufige  Notiz  iiber  die  Morphologie  und  Verbreitung  des  in  der 

Tsetsekrankheit  ("Fly  Disease"  oder  "  Nagana")  gefundenen  Parasiten. 

[Transl.  of  Plimmer  &  Bradford,  1899a]  <Centralbl.  f.  Bakteriol., 

Parasitenk.  [etc.],  Jena,  1.  Abt,  v.  26  (14-15),  28.  Okt,  pp.  440-447. 

[W»] 

[Description  of  "Trypanosoma  Brucii;"  its  distribution  in  the  body; 
blood  of  dead  animals  loses  power  of  infection  twenty-four  hours  after 
death;  life  cycle  of  parasite.] 
Rabinowitsch,  Lypia,  &  Kempner,  Walter. 

1899. — Beitrag  zur  Kenntniss  der  Blutparasiten,  speciell  der  Rattentrypanoso- 
men  <Ztschr.  f.  Hyg., Leipz.,  v.  30 (2),  18.  Apr.,  pp.  251-294,  pi.  2.  [W\] 
[Review  of  literature;  morphology  and  development;  longitudinal 
and  transverse  division;  segmentation;  infection  experiments;  active 
and  passive  immunity;  infection  by  fleas.] 
Railliet,  Alcide. 

1884. — Du  r61e  de  la  tsetse  dans  la  propagation  des  maladies  <Bull.  Soc.  centr. 

de  med.  vet.,  Par.,  v.  38,  n.  s.,  v.  2,  pp.  79-80.  [W\] 

[Glossina  morsitans,  probably  a  carrier  of  infectious  material  rather 

than  a  poisonous  insect.  ] 
1893. — Traits  de  zoologie  meilicale  et  agricole.    v.  1,  736  pp.,  494  figs.  8°. 

Paris.  [W».] 

1895.— Idem.    v.  2,  pp.  737-1303,  figs.  495-892.    8°.    Paris.  [W\] 

[Pp.  787-788,  Glossina  morsitans  and  nagana,  brief  general  discussion.] 
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Ranking,  George. 

1891a. — A  preliminary  note  on  the  nature  and  pathology  of  the  disease  known 
as  "surra"  affecting  horses  and  mules  in  India  <Vet.  J.,  Lond.,  v.  32, 
June,  pp.  399^05.  [W»] 

[Surra  is  a  disease  of  malarial  origin;  changes  in  blood,  "eehinosis," 
and  plasmodic;  claims  to  have  found  and  cultivated  a  "bacillus;" 
describes  spores  which  were  also  found  in  water.  (See  also  Gunn,  1891, 
pp.  309-310.).] 

1891b. — Surra  in  horses.  [Reply  to  Gunn,  1891]  <Vet.  J.,  Lond.,  v.  33,  Decv 
pp.  402^03.  [W*.] 

Rattig,  A. 

(1875). — Uber  Parasiten  des  Froschblutes.    Diss.    29  pp.,  1  pi.  Berlin. 
Rayer,  P. 

1843. — Des  vers  qu'on  rencontree  dans  le  sang  de  certains  aniinaux  <Arch.  de 
mM.  comp.,  Par.,  v.  1,  pp.  40-45.  [Wm.] 
Rebourgeon. 

1889. — Note  sur  le  mal  de  Cadeiras  (Vulgo:  Quebra-bunda)  <Rec.  de  in6d.  v£t., 
Par.,  v.  66,  7.  s.,  v.  6  (3),  15  fev.,  pp.  85-93.  [W>] 
Rec.  de  Med.  Vet.,  Par. 

1896. — Le  Trypanosome  du  bieuf  et  les  tsetses  <Rec.  de  med.  vet.,  Par.,  8.  s.-, 
v.  3  (7),  15  avril,  p.  266.  [W\] 

[Review  of  article  in  Progres  by  Regulato  on  observation  by  Legrain 
of  a  trypanosome  in  sort  of  varicose,  dilatations  developed  on  external 
surface  of  pericardium  of  cow  slaughtered  at  abattoir  at  Bougie;  also 
mentions  Bruce,  1894,  Brit.  M.  J.] 

Ringe,  R.  H. 

1887. — "  Surra"  in  grass-cutters'  ponies  <Quart.  J.  Vet.  Sc.  India,  Madras,  v.  6 
(21),  Oct.,  pp.  47-49,  temperature  chart.  [Wm.] 

Rogers,  Leonard.    [Indian  Med.  Service.] 

1901. — The  transmission  of  the  Trypanosoma  Evansi  by  horse  flies,  and  other 
experiments  pointing  to  the  probable  identity  of  surra  of  India  and 
nagana  or  tsetse-fly  disease  of  Africa.  [Read  before  Tsetse-fly  Committee, 
Roy.  Soc,  Feb.  14,  1901]  <Proc.  Roy.  Soc,  Lond.,  v.  58  (444),  May  4, 
pp.  163-170.  [Wm.] 

Ross,  Ronald.    See  Brit.  M.  J. 

Rost,  E.  R. 

1901. — Report  on  the  possibility  of  treating  "surra"  by  infections  of  an  anti- 
pa.asitic  serum  <J.  Path.  &  Bacterid.,  Edinb.  &  Lond.,  v.  7  (3),  June, 
pp.  285-290.  [\V».] 

Rouget,  J.  [Algeria.-] 

1896. — Contribution  a  l'etude  du  Trypanosome  des  mammiferes  <Ann.  de  Plnst 
Pasteur,  Par.,  v.  10  (12),  dec,  pp.  716-728,  figs.  2,  3,  5.  [W\] 

[ Trypanosoma  in  horse;  description;  inoculations  of  cold-blooded  ani- 
mals and  birds  negative;  of  guinea  pig  negative;  positive  in  white  and 
gray  mice,  white  rat,  rabbit,  dog,  results  fatal;  on  sewer  rats  positive  and 
negative;  one  case  of  possible  transmission  (rabbit)  by  coitus;  ingestion 
experiments  negative;  horse  from  which  original  material  came  had 
dourine;  serum-therapy.] 
1300. — Sang  colore  contenant  des  Trypanosomes  <J.  de  med.  de  Bordeaux,  v.  30 
(1),  7  jam,  p.  12.  [W«] 
[Short  communication  on  dourine.] 
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Salmon,  Daniel  Elmer,  &  Stiles,  Ch.  Waedell. 

1902. — Emergency  report  on  surra  <Bull.  No.  42,  Bureau  Animal  Indust,,  U.  S. 
Dept.  Agric,  Wash.,  pp.  1-130,  figs.  1-112.  [W*.] 

SCHALA8CHNIKOFF  [CHALACHNIKOW],  A. 

(1888) . — Recherches  sur  les  parasites  du  sang.  Kharkov. 

1889. — Izslied.  nad  Krovoparazit.  cholod.  i  teplskrov.  jivotnych.  [Researches 
on  parasitology  of  blood  in  cold  and  warm  blooded  animals]  <Sborn. 
trud.  Charkov.  Vet.  Inst.,  v.  1,  pp.  195-304,  3  pis.  [Wm.] 

ScHNEIDEMtJHL,  GeORG. 

1896. — Lehrbuch  der  vergleichenden  Pathologie  und  Therapie  des  Menschen  und 
der  Hausthiere  fiir  Thieriirzte,  Arzte  und  Studirende.  pp.  209-448.  8°. 
Leipzig.  [Wa.] 

[P.  268,  very  brief  reference  to  surra,  with  confusion  of  pernicious 
anemia  in  man.] 
Schneider,  G.    See  Buffard,  M.,  &  Schneider,  G. 

Schoch,  G.  M.  T. 

1883. — Die  Tsetsefliege  Afrikas  <Mitth  d.  schweiz.  entom.  Gesellsch.,  Sehaff- 
hausen,  v.  6  (10),  Oct.,  pp.  685-686.  [W.] 
Slee,  John  G. 

1902a. — Notes  on  a  new  disease  of  horses  <Am.  Vet.  Rev.,  N.  Y.,  v.  25  (10), 
•  Jan.,  pp.  819-821.  [W\] 

1902b.— Idem  <Bull.  No.  42,  Bureau  Animal  Indust,  U.  S.  Dept.  Agric,  Wash., 
pp.  12-13.  [W\] 
Smith,  Allen  M.,  &  Kinyocn,  J.  J. 

1901a. — A  preliminary  note  on  parasitic  disease  of  horses.    3  pp.,  2  photomicro- 
graphs (Army  Pathological  Laboratory),  Manila,  P.  I.  [Wm.] 
1901b. — Idem.    Reprint,  with  additions  by  Allen  M.  Smith.   General  Orders,  No. 

390,  Headquarters  Div.  of  Philippines,  Manila,  P.  I.,  Dec.  11. 
1902.— Idem  <Bull.  No.  42,  Bureau  Animal  Indust.,  U.  S.  Dept.  Agric,  Wash., 
pp.  13-15.  [W\] 
Smith,  Fred. 

1886.— Fieber  <Encycl.  d.  ges.  Thierh.  u.  Thierzucht,  Wien  &  Leipz.,  v.  3, 

pp.  133-134.  [W».] 
Steel,  John  Henry. 

1881. — A  treatise  on  the  disease  of  the  ox;  being  a  manual  of  bovine  pathology 

especially  adapted  for  the  use  of  veterinary  practitioners  and  students. 

xxi  +  498  pp.,  116  figs.    8°.    London.  [W\] 
(1885). — An  investigation  into  an  obscure  and  fatal  disease  among  transport  mules 

in  British  Burma. 

1886a. — On  relapsing  fever  of  equines<Vet,  J.,  Lond.,  v.  22,  Mar.,  pp.  166-174, 
1  fig.;  Apr.,  pp.  248-257.  [W»] 

[Excellent  short  discussion  on  temperature;  parasites,  gross  pathology 
in  mules;  transmission  to  dogs,  case  fatal;  transmission  to  ordinary  Bur- 
mese monkey,  case  fatal;  compares  the  disease  with  relapsing  fever  of 
man,  which  he  thinks  is  closely  allied.] 
1886b.— Fieber  <Encycl  d.  ges.  Thierh.  u.  Thierzucht  (Koch),  Wien  &  Leipz., 
v.  3,  pp.  134-137,  fig.  539.  [W\] 
[Gives  short  discussion.] 
1888a. — A  veterinary  glimpse  at  the  last  Burma  war.    [Editorial]  <Quart.  J. 

Vet,  Sc.  India,  Madras,  v  6  (22),  Jan.,  pp.  135-144.  [W>.] 
1888b. — Le  surra,  maladie  contagieuse  des  animaux  domestiques,  dans  l'lnde 
<Rec  de  med.  vet.,  Par.,  7.  s.,  v.  5  (9),  15  mai,  pp.  298-304.  [Wa.] 
[Resume  of  Steel,  probably  1881-1882,  not  accessible  to  us.] 
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Stiles,  Ch.  Wardell.    (See  also  Salmon,  Daniel  Elmer,  &  Stiles,  Ch.  Wardell.) 

1902. — Trypanosoma  in  a  new  role  <Am.  Med.,  Phila.,  v.  3  (6),  Feb.  8,  pp. 
240-241.  [W\] 
Stordy,  Robert  J. 

1899.  — The  Uganda  transport — "through  the  tsetse  fly  belt  of  British  East 

Africa"  < Veterinarian,  Lond.,  v.  72  (853),  Jan.,  pp.  11-20,  figs.  1-8, 
1  map.  [Wa.] 

[Mules  were  given  balls  composed  of  arsenic,  quinine,  and  gentian, 
then  all  animals  smeared  with  solution  of  Jeyes  fluid,  and  ponies 
arrayed  in  pajamas,  see  fig.  88.] 

Theiler,  A. 

1901a.— Die  Tsetse-Krankheit  <Schweiz.-Arch.  f.  Thierh.,  Zurich,  v.  43  (3),  Mai- 
Juni,  pp.  97-112;  (4),  Juli-Aug.,  pp.  153-162.  [Wm.] 

[P.  162.   Incurable;  quinine  per  os  and  subcutaneously;  also  arsenic 
and  other  drugs  tried.] 
1901b. — Idem.    [Reviewed  by  Francke]  <  Berl.    thieriirztl.    Wchnschr.  (52), 
26.  Dez.,  pp.  794-796.  [W\] 
Valentin,  G. 

1841. — Ueber  ein  Entozoon  im  Blute  von  Salmo  fario  <  Arch.  f.  Anat.,  Physiol, 
u.  wissensch.  Med.,  Berl.,  pp.  435-436,  pi.  15,  fig.  16.  [Wm.] 
Vaz.    See  Nariman  &  Vaz. 
Veterinarian,  Lond. 

1890.  — Notes  on  "surra"  < Veterinarian,  Lond.,  v.  63  (745),  Jan.,  pp.  1-3. 

[W.] 

[Brief  editorial,  referring  to  Burke,  Lewis,  Crookshank,  Steel,  Cun- 
ningham, and  Carter.] 

1891.  — Surra  <  Veterinarian,  Lond.,  v.  64  (759),  Mar.,  pp.  169-170.  [W*.] 

[Short  note  quoted  from  The  Field,  Lond.] 

Vet.  J.,  Lond. 

1889.— The  tzetze  fly  and  man  <Vet,  J.,  Lond.,  v.  28,  Feb.,  pp.  140-141. 
[W.] 

[Cause  a  condition  resembling  urticaria,  intense  itching  at  night,  and 
preventing  sleep.] 

1894. — The  disease  surra  in  solipeds  and  camels.  [Review  of  Lingard,  1893,  v.  1] 
< Vet.  J.,  Lond.,  v.  38,  Mar.,  pp.  172-175.  [W\] 

1896.— Surra.  [In  part,  a  review  of  Lingard,  1895]  <  Vet.  J.,  Lond.,  v.  42  (249) , 
Mar.,  pp.  177-183.  [Wa.] 

.VOGES,  O. 

1901a — Das  Mai  de  Caderas  der  Pferde  in  Siidanierika  <Berl.  thieriirztl. 

Wchnschr.  (40),  3.  Okt,  pp.  597-598.  [W\] 
1901b. — Le  Mai  de  Caderas  des  chevaux  dans  l'Amerique  du  sud.    [Review  of 

Voges,  1901a,  by  Railliet]  <Rec.  de  med.  vet.,  Par.,  8.  s.,  v.  8  (23),  15 

dec,  pp.  788-789.  [W\] 
1902. — Das  Mai  de  Caderas  <Ztschr.  f.  Hyg.  u.  Infectionskrankh.,  Leipz.,  v.  39 

(3),  13.  Miirz,  pp.  323-372,  pi.  5,  "figs.  1-7.  [W\] 

Vri.iburg,  A. 

1900.  — Surra  <  Veearts.  Bladen  v.  Nederl.  -Indie,  Batavia,  v.  13  (1),  Mai,  pp. 

53-58.  [W\] 

1902.— Surra  <  Veearts.  Bladen  v.  nederl. -Indie,  Batavia,  v.  14  (3),  pp.  207-215, 
1  pi.  [W.] 
Walley,  Ralph  St.  John. 

1893.— Surra  in  fox-hounds  <  J.  Comp.  Path.  &  Therap.,  Edinb.  &  Loud.,  v.  6 
(3),  Sept.  30,  pp.  285-286.  [W\] 
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Wedl,  C. 

1850. — Beitrage  zur  Lehre  von  deh  Hamatozoen  <Denkschr.  d.  k.  Akad.  d. 
Wisesensch.,  math.-nat.  CI.,  Wien,  v.  1,  2.  Abt.,  pp.  15-25,  1  pi.  [W.] 
Weichselbacm,  Anton. 

1898.— Parasitologic  <Handb.  d.  Hyg.,  Jena,  v.  9,  Lief.  2,  pp.  x+63-336, 
figs.  1-78.  [W»] 
[  Trypanosoma  sanguinis,  p.  285.] 
Williams,  William. 

1892. — The  principles  and  practice  of  veterinary  medicine.    3.  ed.,  pp.  xix+833, 
36  figs.,  7  pis.   8°.   London,  Edinburgh,  &  Glasgow.  [W\] 
Wilson-Bakker,  J. 

1892.  — Maladie-du-colt  in  Nebraska  <  Vet.  J.,  Lond.,  v.  35,  Dec.,  pp.  424-429 

[W\] 

[Character;  symptoms  in  mare;  symptoms  in  stallion;  autopsy.] 

1893.  — Maladie-du-colt  <  Vet.  J.,  Lond.,  v.  36,  June,  pp.  406-408.  [W*.] 

[Symptoms  presented  by  stallions.] 

Wittich. 

1881. — Spirillen  im  Blute  von  Hamstern  <Centralbl.  f.  d.  med.  Wissensch.,  Berl., 
v.  19  (4),  22.  Jan.,  pp.  65-66.  [W».] 
Ziemann,  Hans. 

1898. — Eine  Methode  der  Doppelfarbung  bei  Flagellaten,  Pilzen,  Spirillen  und 
Bakterien,  sowie  bei  einigen  Amoben  <  Central bl.  f.  Bakteriol., 
Parasitenk.  [etc.],  Jena,  1.  Abt.,  v.  24  (25),  30.  Dez.,  pp.  945-955,  pi.  9. 
[W*.] 

1900. — Zweiter  Bericht  uber  Malaria  und  Moskitos  an  der  afrikanischen  West- 
kiiste.  [Nach  einem  Vortrage  im  Institut  Pasteur,  6.  Aug.,  1900,  auf 
deni  internationalen  medicinischen  Congress  in  Paris]  <  Deutsche  med. 
Wchnschr.,  Leipz.,  v.  26  (47),  22.  Nov.,  pp.  753-756;  (48),  29.  Nov., 
pp.  769-772.  [W*.] 
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